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Transactions and Communications 

Opacity of roller coatingsm 
Part 11. Theoretical analys'is* - 
By D. F. Tunstall and D. G. Dowling 
Tioxide International Limited, Central Laboratories, Stockton-on-Tees, 
Teesside TS18 2NQ 

Slcttlttiury 
A fundamental study of the influence of internal and external surface reflections on the opacity 
of thin paint films has been made, and an equation relating opacity to the reflectance 
characteristics of the film surfaces (the upper surface and the substrate) has been derived. 
It is shown how the true Kubelka-Munk back-scattering coefficient is obtained from the 
experimental data and the effect of si7ing a metal surface is examined on a quantitative basis. 

Keywords 
Types and clrrsses of corrting Prop~rlies, charucteristics und conditions 

roller coating ti nish priniurily nssociuted with dried or cured films 
opacity 
reflectance 

L'Opacit6 d'6maux couch6s. 
Deuxi&me partie : Analyse th6orique . 

RZsrritlc; 
On a efectuk une Ctilde fondamentale sur I'influence qu'exercent les reflexions aux surfaces 
interne et externe sur I'opacite dc fcuils minces. On a derive une equation entre I'opacitC et 
les caractCristiques reflecteurs des surfaces du feuil (c'est-&-dire, la surface d'en haut et 
celle-la I'interface feuil/subjectile). On ddniontre comment obtenir le vrai coefficient 
Kuhelka-Munk de "back-scattering" A partir des donnces experimentales. On examine, au 
point de vuc quantitatif, I'effet d'unc couchc priniaire de vernis appliquke a la surface 
mitallique. 

Opazitat von durch Bandlackierung Aufgetragenen Beschichtungen 
Teil II. Theoretische Analyse 
Zit.scr~iii~ict?fir.~.r~~t~g 
Eine fundamentale Untersuchung des Einflusses von inneren und iusseren Oberflaclienruck- 
s;trahlungen auf die Opazitiit diinner Lackfilme wurde vorgenomnien, und dabei eine Gleichung 
abgeleitet, in welcher die Opazitiit  nit den Reflexionscliarakteristika der Filmoberflachen 
(der oberen Fliiche ~ ~ n d  den1 Substr:lt) in  Beziehung steht. Es wird gezeigt, wie man den 
echten Kubelka-Munk Riickstre~~koelfizient von den experimentell gefundenen Werten 
erhiilt. Die Auswirkung der Absiegelung ciner Metallohcrfliche wird quantitative gepruft. 

':Presented at tile Torquay Conference on 6 May 1971. 
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Introduction 
The measured reflectances of a selection of roller coatings on a variety of 
substrates have been discussed in part 1 of this paper. The relative importances 
of pigment dispersion, pigment concentration, film thickness and substrate 
reflectance have been found by statistical analysis. To appreciate fully the 
effects of these variables, a theory is required by which their relative roles can 
be expressed in a quantitative manner. 

The approach to the problem is, of course, essentially different from that 
used in part I. The statistical analysis brings to light interactions that would 
not normally be noticed. The theoretical approach, however, must be restricted 
to analysis of the major variables. Provided these are not too numerous, a basic 
theory can be established and then perhaps refinements can be made. It may 
then be possible to obtain explanations for some of the more unexpected 
interactions found from the statistical analysis. 

In this part of the paper, a simple but soundly based practical equation will 
be derived that fully describes the optical properties of white roller coatings 
in terms of the statistically determined major variables. The theory is based 
on the sometimes maligned but much used two constant theory of Kubelka 
and Munk (K-M)'. Modifications to the basic theory are necessary to obtain 
the desired equation. The final expression, though relatively simple in form, 
can be applied to a wide range of white pigmented systems. 

The equation will be used to analyse the reflectance data and it will be shown 
how it allows adequately for the major variables of film thickness and substrate 
reflectance. This will be followed by a quantitative analysis of the substrate 
reflectances to assess the effect of sizing on reflectance. Finally, a summary of 
the practical expressions necessary to determine the reflectance of a paint film 
on an optically flat metal surface, sized or unsized, will be given. 

Theoretical derivation of the reflectance equation 
Most of the practical problems associated with the use of K-M theory are due 
to neglect of the original postulates laid down for its application. The original 
K-M1 equations for reflectance, R, and transmittance, T, apply only to a planar 
scattering system of infinite extent, having no specularly reflecting boundaries 
and illuminated with diffuse light. They are as follows: 

sinh hSX R - - . - -. - - - -. - -~ - - - 

nsinh hSX 1- hcosh hSX """"""" '  

h 
T - - ---- - -- - - ------- . . . . . . . . . . . . . . . . . . . . . . . . .  

n sinh hSX . }  h cosh hSX . (2) 

where S - back-scattering coefficient for diffuse light 

X - film thickness 

and a and h are defined by 

a - I 1- KIS, h=(a" I)& 

where K - -  absorption coefficient for di ffi~se light. 
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Three additional constants must be introduced before these equations can 
be applied to practical paint systems. These will be considered individually. 

Substrate re.flectancc. 
This modification has already been introduced by Kubelka and Munk. However, 
the complexity of the substrate reflectance is generally not appreciated. It 
should be remembered that two types of reflectance can occur from the substrate 
of a film. The diffuse light transmitted through the paint first encounters a 
boundary between the paint and the bulk substrate. This boundary introduces 
a specular reflectance for the diffuse light, its magnitude depending on the 
relative refractive indices of the paint and the bulk substrate. Light that is 
transmitted across this boundary can then be reflected by scattering processes 
within the substrate. 

Generally, therefore, the reflectance of a substrate measured in air is not the 
value that applies when a paint film is laid on that substrate. This is due to 
major changes in relative refractive index at the surface of the substrate and 
hence changes in the specular reflectance for diffuse light at the paint/substrate 
boundary. An example of the magnitude of this effect has been given by Blevin2. 
The substrate reflectance of roller coatings on metal substrates depends entirely 
on this effect. Light that is transmitted into the metal is completely absorbed. 

In this paper, the total effective reflectance at the substrate boundary of 
the roller-coating is denoted by r,. Equation ( I )  is modified by its inclusion to 
give 

( 1 - ar,) sinh hSX i hr, cosh hSX 
R = . . . . . . . . . . . . . . . . . .  (3) 

(a  -- r,) sinh hSX 1 -  h cosh hSX 

It can be expressed in more familiar form by re-arrangement, i.e. 

1 - r, ( a  - h coth hSX)  R = -- .. . . . . . . . . . . . . . . . . . . . . . . .  
a - r, 1 -  h coth ~ S X -  

Tlie top surfucc. reJcctunc'e 
This modification is a major one that is still often ignored in practical paint 
film technology. The air/paint boundary is generally associated optically with 
gloss and many people are familiar with the correction that should be applied 
to reflectance values to eliminate the gloss effect i.e. reflectance of the incident 
light at the air/paint boundary before penetration of the light into the film. 
It will be shown later how the correction for this effect is automatically taken 
care of in the analysis of reflectance values. 

However, a much more important effect occurs at this surface. Light that 
is scattered back towards the paintlair boundary from within the film experiences 
a substantial reflection at the boundary. This can be as much as 60 per cent, 
due mainly to total internal reflection, since the light is almost perfectly diffuse 
and is incident on the boundary from the high refractive index medium. 

Saunderson3 applied a correction for this effect in his work on the colour 
of plastics. However, the value of 0.40 that he derived by trial and error for 
the internal surface reflectance of the diffuse light is not, in fact, a true measure 
of the boundary reflectance. A similar value has been obtained by Bridgeman4. 
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Both workers, in fact, used the same method for determining the constant. 
This involves finding a value which gives corrected reflectances that then give 
K/S  ratios approximately proportional to coloi~rant and pigment concentrations. 
Although this approach is satisfactory for improving colour matching 
techniques, it is no use when absolute values of the variables are desired. The 
K/S  ratios obtained using the above method are about two to three times larger 
than the true values. 

The errors arise from ignoring the directional nature of the incident light. 
This effect will be discussed in the next section, where an equation wrll be glven 
that includes the internal surface reflectance (r l )  of the diffuse light. 

Parallel incident tigill 
Paint media generally have a refractive index of about 1.5. Since glossy films 
tend to have a clear layer of resin at the air surface, all l~ght transm~tted into 
the film undergoes refraction at the boundary prior to being scattered by the 
pigmented bulk of the film. Thus, irrespective of its angle of incidence, any 
light transmitted into the film is initially confined to the forward cone of seml- 
angle equal to the critical angle of the boundary i.e. 40-45". In effect, the incident 
light penetrates further into the film than K-M theory would predict, so giving 
a lower reflectance than expected. For films containing rutile Ti02 this amounts 
to a reflectance reduction of about 3 per cent. 

A relatively simple correction, in the form of a constant, D, will be introduced 
into the equation for reflectance to allow for this effect. The new equation is 
derived by assuming that a small depth of film is required to diffuse the incident 
parallel light before back scattering commences. Although this assumption 
might appear to be rather crude, detailed theoretical considerations have shown 
that it is reasonable. Experimental application of the final equation in a variety 
of systems has proved most successful. 

The derivation of the equation including the quantities D and r ,  is lengthy 
and is not included here. The final reflectance equation is: 

( I - r,) [ ( I  - ar,) sinh h(SX D )  I h . r, cosh h(SX -- D)]  R = -- 
[ I  - r - r ( I  - r ]  s i n  x I ( I  r,r2) h cosh hSX - . ( 5 )  

The nature of the correction for parallel incident light restricts the use of this 
equation to reflectance greater than about 20 per cent. 

Approximations for white films 
Equation (5) is obviously not very suitable for practical use, owing to its 
complex form. Fortunately, however, quite drastic approximations can be 
made for application to white films. The ratio K / S  is small, i.e. generally less 
than so permitt~ng "a" to be taken as unity. Since "h" is also low in value 
(i.e. < 0.02), hSX is generally small enough to allow the following approxi- 
mations to be made: 

sinh hS,Y - -t hSX; cosh hSX - t I .  

These are valid to within I per cent under the following conditions: 
hSX < 0.24 for sinh hSX - I- hSX 
hSX ( 0.15 for cosh hSX ---+ I .  
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These approximations are particularly acceptable for application to roller 
coatings, since SX values are generally lower than for normal decorative 
paints. 

Equation (5) can now be rewritten as follows: 

R = 
( 1  - r l )  ( 1  - r2) (SX - D) + (I - r1)r2 

( 1  - rl)  ( 1  - rl)  SX + (1 - rlr,) 

By further re-arrangement this equation gives 

where 

This equation is mathematically straightforward, easy to use and, as will 
be shown later, is very satisfactory for accurately characterising white roller 
coatings. By putting r, - r, = D - 0 in equation (6), the familiar approxi- 
mate K-M expression 

SX R =  - sx+ I 
is obtained. 

Experimental factors 
Absolute rcflcctance 
Equation (6)  gives the basic relationship between the absolute reflectance of 
a white film and its major variables. The K-M theory has been modified to 
allow for the practical variables that occur in bound systems. The problems 
left to be solved are those of the practical determination of absolute reflectance 
and film thickness. 

The use of reference standards for the accurate determination of absolute 
reflectance depends on a knowledge of the precise optical conditions under 
which the references themselves have been calibrated, and also of the optics 
of the instruments in which they are subsequently used. Though such standards 
are necessary for maintaining constant working conditions on any one piece 
of equipment, they rarely give true absolute reflectances (e.g. to 0.002). 

This difficulty has been overcome by adding another constant to equation (6), 
i.e. the factor necessary to convert accurate relative values of reflectance to 
absolute values. The equation becomes 

R M / A  = (SX  + M)/(SX + N) . . . . . . . . . . . . . . . . (7) 

where RM is the measured reflectance and A represents the 100 per cent 
reflectance reading on the reflectometer. The value of A  is then found from 
analysis of the results. Once A is known, the standards used on the apparatus 
can be recalibrated. 
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A further problem that this approach resolves is the adjustment of results 
for the loss of intensity due to initial specular reflectance of the incident light 
beam at the airlpaint surface. I t  is implied in equation (6) that there is unit  
light intensity incident on tlie scattering bulk of the film. The value of A 
determined from analysis of the results using eqi~ation (7) automatically con- 
tains tlic factor by which all the reflectances are reduced. 

The initial specular surface reflectance can be treated in this way provided 
none of the reflected component is registered by the photodetector. A more 
complex correction is necessary for instruments in which the specular corn- 
ponent is included in a measure of total reflectance. An independent measure 
of the specular component is then required. 

The method outlined above for reducing relative reflectances to their 
absolute values by applying equation (7) can only be justified by examination 
of the final results. its success relies on accurate determinations of relative 
reflectance and absolute film thickness. The former of these two can be attained 
by regular use of a reference standard. Thc latter. liowever, represents a major 
source of error in practical reflectance work. 

Film thickness 
In part I, the measurement of film thickness was determined using X-ray 
fluorescence from the titanium in the film. Sincc the mathematical analysis for 
finding the substrate reflectance is susceptible to errors in film thickness, this 
method of finding the thickness has been carefully scrutinised. The final 
determination of thickness requires a knowledge of the volume concentration 
of pigment within the film and this in turn depends on pigment and binder 
densities being known. 

In the presentation of the results i n  part I ,  i t  has been tacitly assumed that 
the pigment is 100 per cent TiO,. This stems from a natural inclination to 
measure pigmentary properties per unit quantity of purchased pigment. This 
assumption has been made in determining film thicknesses in part I. However. 
for fundamental work on the physical properties of TiO,, more detail is neces- 
sary. Surface treatment of rutile pigments for their various applications reduces 
the TiO, content slightly and allowance must be made for this in the th~ckness 
determination. The TiO, content of the pigments studied in this project is 
95 per cent. When this fact is taken into account and the thicknesses re- 
calculated from the X-ray data. the nominal 10.0. 12.5 and 15.0 micron values 
become 10.5. 13.0 and 15.6 microns. 

The constants r ,  arid D 
Equation (7) contains five uliknowns other than the experimentally measured 
quantities RM and X. Obviously, therefore, some of these must be found from 
other experimental work. The primary purpose of the current work is to study 
the variation of reflectance, RM, with thickness, X,  back-scattering coefficient, 
S, and substrate reflectance, r2. The remaining constants, r, and D, needed to 
define M and N, have been obtained separately. The experimental techniques 
for finding these quantities are complex and for the purposes of this paper 
the results will be stated without a full description of their derivation. 
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The internal specular rellcctunce for ditTuse light, r,. is prone to variation 
owing to changes in gloss and also at higher pigment concentrations owing 
to optica! interference efTects in the clear surface layer of the film. However, 
a value of 0.55 for r ,  has been found to apply filirly consistently for volume 
concentrations below about 25 per cent. Although some of the concentrations 
of roller coatings in this work exceed 30 per cent, it has been asslimed that 
the value of 0.55 applies in all cases. 

Experimental determinations of D have indicated that it is independent of 
pigment concentration, a value of 0.50 having been found for systems pig- 
mented with rutile. 

The experimental data 
Two sets of data have been presented in part I of this paper. For the purposes 
of testing the theoretical expression. only the set containing results for two 
pigments over six different substrates will be analysed. These are shown in 
part I. Table 4, in the form of the Harrison reflectance reading at 10, 12.5 
and 15 microns nominal film thickness for each system studied. 

Analysis of results 
Equation (7) can be rearranged to give the following expression: 

......... I / ( A / R M  - 1) = (SX + M)/(N - M) .!8) 

From equation (6) it can be shown that the quantity ( N  - M) is given by 

Thus ( N  - M) is dependent on only r,  and D and is constant for all the films 
considered. Using values of 0.55 and 0.50 for r, and D gives (N - M) = 2.72. 
Equation (8) can now be written as 

Thls is the basic equation used to analyse the experimental results. A value 
of A is found for each paint over the six substrates by minimising the spread 
of slopes in the six plots of equation (10). This procedure is repeated for the 
eight paints considered (two pigments at four concentrations) and a final 
average value is obtained for A. The method gave a value of 627 for the results 
in this paper. 

The Harrison reflectances can now be reduced to their absolute values. 
These are listed in Table I .  They represent the reflectances for unit incident 
light intensity just inside the airiresin boundary. 

Average values of the eight scattering coefficients, together w~th  averages 
for the values of the constant M for the six substrates, can now be found either 
graphically or by calculation. For the initial analysis it was assumed that any 
one substrate has the same reflectance for all films applied to it. This assump- 
tion is not strictly correct, since it will be shown later how the substrate 
reflectance depends on pigment concentration. However, the following analysis 
shows that the variations in overall reflectance caused by this effect are small. 



D. F.  T U N S T A L L  ET A L .  

Tahle I 

Ahsolute values of Harri.on refiectances 

Pigment 
Pigment 
Volume 

Concentration 

I Substrate 

Sized Unsized I S2 ( S3 , s 4  I s 2  / s 3  , s 4  

Knowing the six values of M, each reflectance in Table 1 can be converted 
to a value of S using the following expression derived from equation (6): 

These results are shown in Table 2. For each of four concentrations of two 
pigments, 18 values of S are given. The variance of each set of 18 can be found 
and the eight variances so obtained can be pooled to give a final standard 
deviation for the complete set. This standard deviation can be converted to 
an equivalent Harrison reading deviation using average values for S, X and M. 
The value obtained is 2.1 Harrison units, which compares very favourably 
with the error of 1.5 units determined from the residual variance of the analysis 
in part I. 
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Table 2 

Values of S obtained from Table I 

Thus. application of equation (6) ,  and the assumption that the reflectance 
of any substrate is independent of the applied paint, have not introduced any 
serious errors into the calculations. 

The values obtained for hf, and hence substrate reflectance, r;, can now be 
analysed in more detail. 

The substrate rc~flectancc~s 
A comprehensive analysis of the relationship between unsized and sized sub- 
strate reflectance can now be attempted. The final equations will be used to 
illustrate why the initial assumption about the constancy of M was valid for 
the range of pigment concentrations used in this work. 

The values of M, together with the corresponding substrate reflectances, 
are listed in Table 3. 

Average 

0.519 

0.617 

0.608 

0.608 

- 
0.534 

0.607 

0.591 

0.559 

I 
Pigment 

P e n t  Volunle 
Concentration 

--- 
CI 

I 

C2 

P2 

C3 

I 

1 C4 

C I 

1 
C2 

P3 , 
I C3 

C4 

Some initial observations can be made. It is immediately apparent that 
sizing increases the substrate reflectance, though the magnitude of the effect 
differs considerably from surface to surface. It is considered that this is due 
to the degree of smoothness of the metal surface. The burnished steel and 
Bright Hitop steel have similar optical constants and should theoretically 
have the same substrate reflectance when both are optically flat. However, it 
was visually noticeable that the burnished steel had a much rougher finish 
than the Bright Hitop. which in turn did not exhibit the "polish" of the 
electroplate. I t  woi~ld seem reasonable to suppose, therefore, that the reduced 

Standard 
deviation 

0.008 

0.017 

0.015 

0.015 

0.008 

0.009 

0.010 

0.012 

Film 
thickness 

F I 
F2 
F3 

F I 
F2 
F3 

FI 
F2 
F3 

FI 
F2 
F3 

FI 
F2 
F3 

FI 
F2 
F3 

FI 
FZ 
F3 

F I 
F2 
F3 

Substrate 

S4 ----- 
0.515 
0.519 
0.514 

0.621 
0.650 
0.650 

0.607 
0.612 
0.603 

0.580 
0.591 
0.592 

0.523 
0.536 
0.541 

0.621 
0.617 
0.603 

0.593 
0.596 
0.576 

0.563 
0.577 
0.576 

S4 

0.518 
0.512 
0.517 

0.589 
0.610 
0.603 

0.598 
0.600 
0.597 

0.599 
0.605 
0.597 
- 

0.538 
0.538 
0.536 

0.618 
0.615 
0.614 

0.594 
0.594 
0.592 

0.546 
0.547 
0.545 

Unsized 
S2 I S3 

Sized 

--- 
0.527 0.521 
0.510 0.519 

0.534 
0.531 
0.519 

0.598 
0.601 
0.603 

0.574 
0.590 
0.598 

0.588 
0.606 
0.609 
- 
0.529 
0.531 
0.519 

0.608 
0.595 
0.598 

0.588 
0.585 
0.581 

0.569 
0.564 
0.559 

0.507 

0.507 
0.521 
0.522 

0.619 
0.627 
0.627 

0.612 
0.627 
0.619 

0.612 
0.627 
0.619 

0.524 
0.539 
0.541 

0.592 
0.612 
0.61 l 

0.585 
0.605 
0.604 

0.566 
0.564 
0.561 

0.529 s2 i s3 
0.606 
0.608 
0.606 

0.601 
0.614 
0.619 

0.596 
0.614 
0.619 - 
0.541 
0.548 
0.537 

0.596 
0.614 
0.594 

0.601 
0.597 
0.606 

0.546 
0.543 
0.537 

0.627 
0.635 
0.623 

0.601 
0.635 
0.632 

0.627 
0.635 
0.623 
- 

0.521 
0.534 
0.529 

0.610 
0.608 
0.604 

0.568 
0.582 
0.587 

0.552 
0.574 
0.570 
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substrate reflectance and the small sizing effect on the burnished steel are caused 
by surface roughness. Caution must be exercised, however, in attempting to 
correlate a visual estimate of"'polish with a measured diffuse light reflectance. 
Another point worth noting from the values of M given in Table 3 is that at 
high values of r,, M increases very rapidly for small changes in r,. Natural 
variations in r, for the electroplate, owing to production variables and surface 
texture, can thus lead to marked variations in final reflectance of applied 
paint films. 

The effect of sizing on metal substrate reflectance 
The theoretical approach 
The equations needed to calculate the substrate reflectances from the optical 
constants of the media involved have been given in a previous paper2. They 
are complex and are repeated in an appendix to this paper. However, although 
they are necessary for a comparison of theory and experiment in this work. 
it will be shown later how simpler, approximate, expressions can be used for 
practical application of the reflectance equations given herein. 

r, 
- - - 
0.36 
0.47 
0.7 1 
0.39 
0.55 

Substrate 
-. . - 

S&Burnished steel-i~nsizcd . . . . 
S2-Bright Hitop -unsized . . . . 
S3-Electrolytic tinplate-unsized . . 
S4 Sized . . . . 
S2 $ 9  . . . . 

The sized metal system is shown schematically in Fig. I .  where the boundary 
reflectances for diffuse light have been denoted by R, with si~bscripts p (paint). 

M 
-- 

0.05 
0.40 
1.95 
0.14 
0.74 

DIFFUSE 
RADIATION 

K v m ( l  - R p p ) ( l  -Rrp) 

(1-Rp7) ', , RpF, firm, [ ?  , 
lif < ! t i  

\ 
\ 
\ 

S3 9 -  . . . . 

Fig. 1. The rcfli.ct:tnces at a resin-metal snl)strate 

3.35 , 0.79 
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r (resin) and m (metal) indicating the media involved and the direction of the 
radiation. The reflectance responsible for the enhancement of overall reflectance 
due to introducing the sizing layer is R,,, the reflectance of diffuse light at the 
paintiresin boundary. It has been shown previously2 that the presence of 
pigment in a resin increases its effective refractive index for boundary reflect- 
ances. The paint has, therefore, a higher refractive index than the clear resin 
and some of the diffuse light incident from the paint on to the boundary 
between the two experiences total internal reflection. The relationship between 
diffuse light reflectance and relative refractive index is shown in Fig. 2. Two 
curves corresponding to the two directions of incidence are given, the equi- 
valent quantities from Fig. I being marked on each. 

INCIDENT LIGHT IN HIGH 
REFRACTIVE INDEX MEDIUM 

INCIDENT LIGHT IN LOW 
REFRACTIVE INDEX MEDIUM 

RELATIVF REFRACTIVE INDEX 

Fig. 2. Reflectance of diffuse light at a boundary between non-absorbing media 

Two points should be noted from the figure. First, the reflectance for 
radiation incident on the high refractive index side of the boundary is large 
for quite small refractive index differences. Secondly. the reflection for radiation 
incident in the low refractive index medium is considerably lower than for the 
other direction. It will be shown later that this much lower reflectance can be 
ignored in the final, simplified approximate equations. 

The application of the full equations in the append~x requires refractive 
~ndex data for the media involved. The values that have been used are 

clear resin 1.50 
steel 2.50-3.401 
tin 1.07-4.253 



The comparison between theory and experiment is very good, and justifies 
the assumptions made initially in the analysis of the results. 
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There is some doubt about the accuracy of these figures. The steel values 
are subject to error since they depend on the composition of the steel. The tin 
values are those that apply at a wavelength of 550nm. However, they vary 
with wavelength to some extent and this may well introduce an error, since 
no attempt has been made to average data over the wavelength response 
characteristics of the Harrison reflectometer. 

An effective refractive index for the paint was found by applying the full 
calculations to the paintlresinjtin system and varying the paint refractive 
index until the theoretical substrate reflectance agreed with the experimental 
value of 0.79. The tin substrate was expected to correspond most closely to 
the theory, because of its superior surface finish. It was also the substrate for 
which r2 could be most accurately determined, the M value being much more 
sensitive to changes in r, at high values of r2. This procedure gave a value of 
1.66 for the refractive index of the paint. This will be discussed in more detail 
shortly. 

Application of the full equations in the appendix gave boundary reflectances 
for incident diffuse light as shown in Table 4 (experimental values for the 
Hitop steel and tin are shown in brackets). 

Table 4 
Bolmdciry reflectances for. inci~lmt cliflitse liglit 

The resin/metal boundary does not occur separately without the paint 'resin 
boundary, but the calculated results have been included in the list. This is 
to illustrate the fact that merely reducing the refractive index of the medium 
adjacent to a metal increases the reflectance at the boundary between the two. 
Thus the resinjmetal boundary would be expected to reflect more than the 
paint/metal boundary. This effect certainly contributes to the overall enhance- 
ment of reflectance produced by interposing the clear layer between paint 
and metal. However, the contribution represents only about 25 per cent of 
the total effect. 

Paintlsteel . . . . 
Resinlsteel . . . . 
Paint/resin/steel . . 
Paint/tin . . . . 

Resin/tin . . . . 

Paint!resin/tin . . 

Approximate equation 
The equations in the appendix are bulky and require computer facilities for 
their application. Fortunately, some very simple approximate equations can 
be substituted in their place without sacrificing accuracy to any great extent. 

0.452 (0.47) 

0.475 - 

0.575 (0.55) 

0.729 (0.71) 

0.743 - 

0.79 1 ( - 0.790) 
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A major assumption in this approximation is that the radiation remains diffuse 
in nature after boundary reflection and transmissions. From Fig. I, the total 
boundary reflectance of the system can be achieved by summing the successive 
reflected components. 

Total boundary reflectance: 

rz = Rpr + (I-Rrp). Rrm. (l-Rp,) + (I-R,). R,. Rrm2. (I-Rpr) + -- - - -  

It was shown in the previous section that the paint refractive index is 
effectively 1.66. From Fig. 2 it can be seen that the values of Rp, and R,, 
corresponding to a relative refractive index of 1.66,'1.50 (= 1.107) at the 
paintjresin boundary, are 0.21 and 0.03 respectively. 

Since Rv is so small, the factor 
( 1 - Rrp) 

( 1 - Rrp . Rrm) 
in equation (12) can be taken as unity. The error that arises from this approxi- 
mation decreases as the reflectance at the metal increases. This is a welcome 
effect since the overall reflectance of the system becomes more sensitive to 
changes in r, as the value of r, increases. The substrate reflectance can now be 
written as 

r = R + (I R )  . R 1  ................. . ( I  3) 

This now represents the main expression for r,. The value of R,, is related 
to refractive index in Fig. 2. The quantity R,, still remains a computational 
problem. As a further simplification, it is suggested that R,,,, the metallic 
reflectance of diffuse light. be replaced by the reflectance value for a parallel 
beam of light at normal incidence. This quantity can be denoted by Prm. If 
the metal refractive index is given by 

i n,,, - ik, 
then PI,,, is given by 

(n,l-n)2 -L k, 
. . . . . . . . . . . . . . . . . .  P - 

I"' - (n,l+n)2 + k2 

where n is the refractive index of the non-absorbing medium adjacent to the 
metal. Table 5 shows the values of Prm and the fully computed values of R,., 
for the paintitin and paintisteel boundaries. 

Tcthle 5 
Vn1ur.v of Prm on(/ Rr1,, for pcrintltin rtrlrl puintlsreel hormdnries 

System 

Paint/tin . .  

Paintlsteel .. 

t~ 
pppp- 

1.66 

1.66 

tlm 

1.07 

2.50 

k 

4.25 

3.40 

P r m  

0.722 

0.425 

Rrm 

0.729 

0.452 
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Once again the error involved in this approximation decreases as R,,,, and 
hence r,, increases. 

A full comparison can now be made between the approximate approach 
using equations (13) and (14), the full calculation given in the appendix and 
the experimental results. These are summarised in Table 6. 

Cor~rpcrrisorr of ~spc~rirrrcntul rcsrrlts with r.vcrc.r ~ t i t l  O P I ) ~ ~ ) S ~ I I I I I I P  ~~crl~~rrlc~tiori.~ 

I 

The difference between the experimental and approximate calci~lation 
values for tlie paintlsteel substrate appears excessive. In fact, by substitution 
of these values back into the reflectance equation (6). it  can be shown that 
this represents a difference of 2-3 Harrison reflectance onits, little more 
than the expected error. 

Substrate systcm 

- - - - 

The refractivc~ in(/..\- o f  the pai17t 
The analysis of the results has produced a value of 1.66 for the paint. This 
assumes a resin refractive index of 1.50. Since i t  has been assumed that all the 
paints involved in this work have the same refractive index, the value of 1.66 
represents an average value for the two pigments at the four concentrations 
considered. Two other sources of experimental measurements of paint refrac- 
tive index are known. Kawabntameas~lred the gloss values of the substrate 
surface of free paint films and converted these into elTective refractive indices. 
Taking the average of his res~~lts at the four pigment concentrations given in 
this paper gives a value of 1.66. One of the a~~tl iors  used an entirely different 
approachqo measuring the refractive index and found an average value of 1.65. 

Subst ratc rencctancc 
-- 
Experimental Exact Approxiniatc 1 a i  cali~ilation 

- - . - - - . . . - - -- 

Hence the value that has been found in the analysis of the roller coatln9 
reflectances agrees very well with those obtained by other methods. Some 
variation is to be expected since precisc mediutn refrilctive indices have not 
been given. 

The effect of varying tlie refractive index of the paint can be assessed by 
applying the approximate equalion given previously. Kawabntn's res~~lts 
implied refractive indices of 1.61, 1.64, 1.67 and 1.70 at the pigment concen- 
trations used in this paper. The calcillations show that, for the sized substrates. 
the total substrate reflectance increases with paint refractive index. For the 
tin substrate, this effect introduces a standard deviation of 2.3 in reflectance 
readings. For the steel, the standard deviation is 1.6. 
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The reverse occurs on the unsized metal surfaces. Increasing the paint 
refractive index slightly decreases the final opacity. The standard deviations 
in Harrison readings expected for this effect with tin and steel are 0.6 and 0.3. 

Thus the effects of the varying paint refractive index on the results in this 
paper are small. The calculations confirm the earlier experimental conclusion 
that the substrate reflectance can be taken as constant for the range of pigment 
volume concentrations used in this paper (nominally 18.5 per cent to 31.5 per 
cent). A much wider range would be necessary to illustrate experimentally the 
effects of pigment concentration on substrate reflectance. 

The statistically significant interactions 
The significant factors controlling the reflectance of roller coatings were 

obtained by an analysis of variance in part I of the paper. A comparison can 
now be made between these results and the equations given in part 11. They 
will be briefly considered individually in order of decreasing variance ratio 
(part I, Fig. 6). 

Filrn thicknes.~ 
Equation (6) covers this factor. 

Substrate 
Equation (14) shows that the substrate reflectances are functions of the 

optical constants of the individual metals. 

Pi.~meilt coiicc~rttration 
This appears as a variation in the scattering coefficient used in equation (6). 

This has not been considered in part 11. 

Siziiig o f  thc suhstrutc~ 
Equation ( 13) covers this efyect. 

Sizing '.' .suh.stnrrc 
This interaction is due to tlie elrect of sizing being different on different 

metal substrates. Altlioi~gh this is cxpectcd theoretically, the main source of 
this interaction is most probably the variation in smoothness of the metals. 
and the consequent lack of elTcct of sizing on the roughcr surfaces. 

S~hstrutc . jlrn rhic*l;nc~.s.v 
This intcrnction is a dircct consequence of the form of equation (6). I t  is 

evident that tlie substrate has lcss clrcct as the quantity SX increases. 

PiCymeilt : pigrn~r~f . caoiic-c~ntr~~t ion 
These give variations in scattering coetlicient and have not been considercd. 

Pigine~tlt c.oiic.ciitrtrt ion . S L I I ~ S I ~ N I C  
This is a small effect owing to v:~riation o f  the paint refractive index with 

changing concentration. 
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Pigment 'i concentration s sizing 
This is slightly obscure. It could represent a variation of refractive index 

of the paint that is a function of pigment dispersion. It could be a measure of 
the homogeneity of the paint and its influence on the total internal reflection 
properties at the paintlresin boundary. However, if this were the case then a 
significant concentration ?; sizing interaction would also be expected. 

Summary of equations 
The reflectance of a white roller coating is given by : 

where S = back-scattering coefficient of the pigment 

X - film thickness 

and M and N are defined by the following expressions: 

where r,  = the internal paint:air boundary reflectance for diffuse light 

r, = the paintlsubstrate reflectance for diffuse light 

D = a diffusion constant. 

Values of 0.55 and 0.50 have been si~ccessfi~lly used for r, and D. A simple 
expression for r2 can be used; i.e. 

r2 = RPr -:- ( I - RPr) . Rrm 

where R,,, =: the boundary reflectance at the paintiresin boundary. 
Values of R,, can be obtained from relative refractive index (paint refracti\.e 

indexlresin refractive index) using Fig. 2. The reflectance of diffuse light at 
the dielectric metal boundary, R,,, can be approximately obtained using the 
formula for a parallel beam at normal incidence, i.e. 

(n ,  - nd)2 -t k 2  R, = P,,  = 
rn - (n ,  -t n d 2  + k" 

where 1 1 ,  - ik = refractive index of the metal 

II,, = refractive index of the medium adjacent to the metal. 

Comparison between the full theory and the experimental results 
A comparison can now be made between the reflectances calculated from the 
equations summarised above and the experimental values. In Figs. 3 to 6. the 
solid lines represent the theoretical prediction of the Harrison readings for 
pigment, P3, the bars being the experimental values for the Hitop steel and 
tin substrates. The error shown is :t1.5 points, i.e. one standard deviation. 
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Fig. 3. Predicted and measured values of Harrison reflectance v film tl~ickness 



D. F .  TUNSTA1,T. ET A L .  

i 
420 10 12 14 16 

FILM THICKNESS (MICRONS) 

Fig. 4. Predicted and measured values of Harrison reflectance v film thickness 
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Fig. 5. Predicted and measured values of Harrison reflectance v film thickness 
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4 
420 10 12 14 i 6 

FILM' THICKNESS (MICRONS) 

Fig. 6. Predicted and measured values of Harrison reflectance v film thickness 

The equations can be applied only if the metal has a reasonably polished 
surface. Application of the reflectance equations for dull metal finishes neces- 
sitates analysis of measured reflectance data to find the value of M. 

Conclusion 
Soundly based approximate expressions have been derived theoretically and 
applied successfully to the experimental results. I t  has been shown quanti- 
tatively how the reflectance of white roller coatings depends on film thickness 
and substrate reflectance. Expressions are given for obtaining the substrate 
reflectance from the fundamental optical constants of the media involved. 

It is evident from the results that the surface finish of the metal substrate 
has an important bearing on its reflectance properties and on the magnitude 
of the reflectance enhancement produced by sizing. 

The practical equations given in the paper are very simple in form and easy 
to apply. They are not restricted to roller coatings and can be applied with 
similar success to thicker white films. 



1971 (1  I )  O P A C I T Y  O F  R O L L E R  C O A T I N G S :  P A R T  1 1  1027 

Acknowledgments 
The authors wish to express their thanks to the Directors of Tioxide Inter- 
national Ltd. for permission to publish this paper. 

[Received 7 November 1970 
References 
1.  Kubelka, P., and Munk, F.. Z. Tech. Phys. 193 I ,  12, 593. 
2. Blevin, W. R., JOCCA, 1958, 41, 850. 
3. Saunderson, J.  L., JOSA, 1942.32, 727. 
4. Bridgeman, T., Die Farhe 1964, 13, 5. 
5. Kawabata, A., Journ. Japan. Soc. Colorrr Material 1969, 42, (3). 99. 
6. Tunstall, D. F., JOCCA, 1967. 50,989. 

Appendix 
Calculation of the reflectance of a resinlmetal substrate for diffuse 
incident light 
Fig. 7 shows the multiple reflectances that occur in the system for light 
incident at angle 0. The refractive indices of the system are denoted by n,, for 
the paint, n, for the resin, and n,-ik for the metal. 

n3-ik 

Fig. 7. Multiple reflectance at the substrate of a paint-resin-metal system 

The total reflectance at incident angle 0, is given by 

where R and T represent reflectance and transmittance and the subscripts 
refer to the media involved and the direction of incidence. Re consists of two 
parts corresponding to the two planes of polarisation into which the incident 
diffuse light can be equally divided. The total reflectance for diffuse light is 
then given by 

x / 2  
1 

RT = ( R ;  { -  Rc) . sin 0 cos 0 d o . .  . . . . . . . . .  ( 2 )  
0 

where the superscripts s and p refer to the two states of polarisation. 
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The component reflectances and transmittances to be substituted into 
equation ( I )  are as follows: 

Fresnel's equations can be applied directly to the boundary between 
media 1 and 2 to give 

where 

Also 

n, sin 0, = n, sin 0,. 

4 sin2 0, . cos2 0, 
=- sin2 ((I, + 0,) 

The reflectance at the metal surface is complex. 

(n, cos 0, - u,), + 1':; 
hi-, = (n, cos 0, -t 24,)" +1,2 

[(n,2 - k2) cos 0, - nau3]" [2n3k cos 0? - n,v,I2 
R:-, = [(n; - k") cos O., t n2u,I2 4- [2n,k cos (I, A n,v,I2 

where 

If sin 0,  2 1.0, then R;, - Rr-, - 1.0 and Ti-, - Tf-, - 0. 
n2 
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Discussion at the Torquay Conference 
DR R. BULT (CHAIRMAN), referring to the effect of sizing on the substrate, said that 
a reflective surface would tend to be more uniform, and thus the thin layer of size 
would also tend to have a uniform surface. If the surface was rough, the peaks of 
the metal would tend to penetrate the thin resin film. Was not this an explanation 
for some of the anomalous results obtained? 

MR D. F. TUNSTALI. agreed that this might be the case. Also, the interface between 
the paint and the resin would not be flat in such a case, and this would make the 
system more complex. A system of this complexity could not be treated on a macro- 
planar scale, which would invalidate many of the results, and thus explain some of 
those that were anomalous. 

MR P. FINK-JENSEN said that a diffusion coefficient had been introduced into the 
calculations. It seemed from the mathematics that this was unnecessary, as the use 
of a modified reflectance would have served the same purpose. What particular 
theoretical reason did the author have for introducing the diffusion coefficient? Also, 
the use of the Saunderson correction had been referred to. In practice. these 
corrections seldom applied. 

MR TUNSTALL replied that the diffusion coefficient had been introduced to enable 
a true value of reflectance from the substrate to be calculated. Once this was known, 
it was easier to examine the effect of other factors such as pigment size, PVC, etc. 
Although the use of a modified reflectance would have solved the immediate problem 
in the mathematics, it would have been of no assistance in such later calculations. 
With regard to Saunderson's work, later work by Bridgeman had confirmed his 
value of the correction factor. Mr Tunstall himself had carried out similar work and 
come to a similar result. The difficulty was that the mathematics, while correct, was 
incorrectly applied-the factor was a mathematical artifice rather than a practical 
quantity. 

DR F. VIAL pointed out that Kubelka-Munk scattering coefficients of the paint 
for the pigments at various PVC'S were quoted for metallic substrates. Had these 
coefficients been calculated on black substrates? 

MR TUNSTALL said tliat these values had not been determined separately on black 
substrates, but the estimated average values found for the various metal substrates 
had been used and shown to give the right answer. Although this might seem over- 
confident, it had been felt valid. Variations in reflectance of films on different black 
substrates were trivial compared with those on white. 

MR W. W. GILLISON asked if the addition of optical brighteners to films of the 
type under discussion would be expected to have a beneficial influence on reflectance. 

MR TUNSTALL replied tliat the only way that the reflectance of visible radiation 
would be altered was if the amount of optical brightener added was sufficient to alter 
the refractive index of the paint. 

MR GILLISON said that he was involved in work on solar heat reflective camouflage 
pigments and was wondering if there was any modification to the white undercoat 
uhich would improve its reflectance, particularly to heat reflection. 

MR TUNSTALL replied that this was a rather different field; infra-red radiation was 
involved. Pigments were designed to produce optimum reflectance of visible wave- 
lengths of light, and inevitably their reflectances of infra-red radiation were lower. 
Added to this, organic materials in the binder would absorb at certain infra-red 
wavelengths. Only a specific investigation into infra-red reflectance would produce 
the answers Mr Gillison required. 
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Several factors affectins 
appearance and properfies of 
thermosetting acrylic resin based 
enamels* 
By J. R. Taylor and H. Foster 
BP Chemicals International Limited, Sully, Penarth, Glamorgan CF6 2YU 

Sumtrlary 
The surface properties and appearance of paint films have been studied in relation to a number 
of factors including oven flow, mar resistance and weathering. Reflow of a paint film during 
a double stoving cycle is discussed and an attempt is made to explain certain anomalies 
in the behaviour of threecomponent films, by consideration of the rate of cure and of the 
mutual compatibility of the reactive components of the binder. 
Oven flow is then examined, and a method is proposed of following viscosity changes during 
the baking cycle of a thermosetting resin film, by measuring the velocity of fall of a sphere 
embedded in it when held in a vertical plane. Graphs are constructed which illustrate the 
difference in viscosity changes between reflow and conventional acrylic/melamine blends. 
The weathering properties of alkyd and acrylic/melamine metallic enamels are described. 
and the surface appearance of these films is examined using a Stereoscan electron microscope; 
the presence of micro-checking on the surface of the alkyd film is revealed as a possible 
explanation of the loss of gloss obtained. 
A method of measuring mar resistance by examining the profile of a scratch on the surface 
of an enamel film is suggested to confirm the improvement in mar resistance conferred by 
the application of a wax polish to a TSA enamel film. 
Thermal effects and the mechanical forces acting at  the points of contact during marring are 
considered, and the resulting temperature rise produced by an indentor on a TSA enamel 
film is calculated and may have a significant effect on the mar resistance of films possessing 
a slight degree of thermoplasticity, 

Keywords 
Types and classes of coating Bitrder.~-resins etc 

enamel acrylic resin 
melamine resin 

Properties, clraructc~ri.~tics untl 
conditions priniarily associatc>d ~eitfr 
dried or cirred films 

mar resistance 
oven reflow 
weather resistance 

Quelques facteurs influant I'apparence et les propri6t6s des feuils 
d'bmaux acryliques thermodurcissables 
RksiiiP 
Les caracteristiques superficielleset I'apparence du feuil de peintures ont Cte CtudiCs par rapport 
a plusieurs facteurs y compris, IVcoulement a IVtuve, la risistance aux chocs et aux intem- 
pbies. On discute le reflux d'un feuil de peinture pendant un cycle d'etuvage double et I'on 
a essaye d'expliquer certaines irregularites de comportement des feuils de peinture a trois 
composants en considerant le taux de durcissement et la compatabilite mutuelle des con- 
stituents rkactifs du liant. 

-- 

*Presented at the Torquay Conference on 7 May 1971. 
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Ensuite on a examine I'ecoulement a I'etuve, et I'on a propose une methode, pour suivre 
les changements de viscosite pendant le cycle de cuisson d'un feuil de resine thermodurcissable, 
ou i l  s'agit de mesurer la vitesse de descente d'une sphere enfoncee dans le feuil qui est retenu 
dans un plan vertical. On a construit des courbes qui demontrent les differences entre les 
changements de  viscosite des melanges acrylique-melamine conventionels et ceux des 
melanges acrylique-melamine a refluer. 
On decrit la resistance aux intemperies des emaux alkyde ou acrylique-melamine aux 
pigments metalliques, e t  I'on a examine la surface de ces feuils au moyens d'un microscope 
electronique Stereoscan. Dans le cas du feuil de resine alkyde, la presence du microfaienqage 
sur la surface se revele en tant qu'une explication cventuelle de la perte du brillant mise en 
evidence. 
Une methode pour mesurer la resistance aux chocs par I'examen du profil d'une egratignure 
sur la surface d'un feuil d'email a etC suggeree afin de confirrner I'amelioration de resistance 
aux chocs fournie par I'application d'une encaustique au feuil d'email acrylique thermo- 
durcissa ble. 
On a considere les effet thermiques ainsi que les forces mecaniques qui agissent aux points 
de contact pendant lcs chocs, et I'on a calculC la hausse de temperature produite dans un feuil 
d'email acrylique thermodurcissable par un style, et elle pourrait exercer une influence 
importante sur la resistance aux chocs des feuils ayant un degre de thermoplasticite Ieger. 

Aussehen und Eigenschaften Warmehartbarer 
Akrylharzemaillefilme Beeinflussende Faktoren 
Z~t.~at?it~ienfass~~tig 
Die Eigenschaften der Oberflichen und das Aussehcn von Lackfilmen wurden im Bezug auf 
eine Anzahl von Faktoren, darunter Verlauf im Ofen, Kratzfestigkeit und Wetterfestigkeit 
untersucht. Der zweite Fluss eines Lackfilms, durch zweimalige Ofentrocknung veraulasst, 
wird besprochen, und cs wird versucht, gewisse Anonlalien im Verhalten von Dreikomponenten- 
Lackfilmen unter Beriicksichtigung der Hartungsgeschwindigkeit und der gegenseitigen 
Vertriiglicclkeit der reaktiven Komponcnten des Bindemittels zu erkllren. 
Der Verlauf im Ofen wurde untersucht. Eine Methode wird vorgeschlagen, die Viskosi- 
tatsverlnderungen bci der Ofentrocknungsperiode eines warmehartenden Kunstharzfilms 
durch Messung der Geschwindigkeit einer in ihm eingebetteten Kugel zu verfolgen. Der 
Film wird dafiir vertikal gehalten. Kurven wurden entwickelt. welche den Unterschied im 
Bezug auf Viskositatsver~ndcrungen zwischen schwitzbaren, konventionellen Alkydharz- 
Melaminharz und Verschnitten illustrieren. 
Die Wetterbestandigkeitseigenschaften von Alkydharz- und Akrylharz- Melaminharz 
Metallikemaillelacken werden bschrieben, und das Aussehen der Oberflache der Filme unter 
Benurzung des Stereoscanelektronenmi kroskopes untersucht. Die dabei gefundene Anwesenheit 
von Mikrohaarrissen an der Alkydharzfilmoberfliiche wird als eine mogliche Erkliirung fiir 
den Glanzverlust angenommen. 
Eine Methode zur Messung der Kratzfestigkeit durch Priifung des Profiles eines Kratzers 
in der Lackfilmoberflliche wird vorgschlagen, um die Verbesserung der durch Auftragen von 
Wachspolitur auf einen TSA Emaillelackfilm hervorgerufene verbesserte Kratzfestigkeit zu 
bestatigen. 
Thermischc Effekte und die an den Kontaktpunkten beini Kratzen wirkenden mechanischen 
Krafte werden in Betracht gezogen, und auch die durch einen Indentor auf einem 
TSA Emaillelackfilm erzeugte Temperaturerhohung wurde berechnet; diese konnte eine 
bedeutsame Wirkung auf die Kratzfestigkcit solcher Filme ausiiben, welche etwas thermo- 
plastisch sind. 
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3 a ~ e ~  p a c c M a T p u a a n o c b  T e s e H M e  B n e w  ~ 6 b 1 n  n p e n n o x c t i  M e T o n  ~ a 6 n t O n e H M R  ~ 3 ~ e r l e ~ u f i  B 
BR3KOCTM BO BpeMA UMKna CYUlKM T C P M O ~ ~ ~ K T M B H O ~ ~  C M O ~ ~ H O ~ ~  nneHKM,  n y T e M  M3MepCHMR 
CKO~OCTH ~ B M X ~ H M R  ulapa n o r p y x e H H o r o  B t l e e  B ~ e p ~ w ~ a n b ~ o f i  n n o c K o c T M .  n o n y r e ~ b ~  
KpMBbIe MnnK)CTpMPYK)lUMe pa3nMYMR B M3MeCICIIMM BR3KOCTM M e X A y  CMCCRMM nOBTOpHOrO 
Te'leHMR M 0 6 b l ' l ~ b l ~ ~  aKpMnO-MenaMMHOBblMM CMCCRMM. 

Introduction 
The surface appearance of any solid material is us~~ally described In terms of 
a number of visual characteristics such as gloss, colour, texture, uniformity. 
presence of foreign matter, etc. In the case of surface coatings, these properties 
are influenced by various factors, including the pigments, resins, solvents 
and additives used, and by environmental elrects resulting from weathering, 
heat, and abrasion. The measurement and evaluation of surfaces, and in 
particular paint film surfaces, is an extensive subject, and the authors have 
necessarily limited their approach to certain specific topics. Some of the more 
recent methods of surface evaluation include evaporative rate analysis1, 
Stereoscan electron microscopy" ' $ 9  4 p  " and surface texture measurernents by 
a Talysurf4 instrument. Surface and total film conlpositions have been studied 
by Johnson" Luslng an abrasion method followed by infra-red analysis of the 
sample removed. Thc authors attempt in this paper to outline certain important 
considerations which are necessary to obtain an ideal surface in a paint film 
under industrial conditions. Such an ideal surface woi~ld be free from irregulari- 
ties or extraneous matter, and would possess suitable mar resistance, hardness. 
flexibility and durability in the environment for which it is intended. 

The reflow technique" has assisted the end user to obtain paint films which 
are virtually free from imperfections, at the same time controlling to some 
extent the gloss, texture and uniformityof the surface of an enamel filni. The con- 
cept of reflow involves the reduction inviscosity of a paint Iilm during the baking 
cycle. When using standard stoving techniques wi tho~~t  reflow, enanicls exhibit- 
ing good oven flow are still preferred, in order to obtain op t im~~m gloss and 
levelling properties. As far as the authors are aware, there has been little work 
done towards the measurement of viscosity changes during a baking cycle of a 
thermosetting reflow film, due to the sophisticated iipparatus that would be 
necessary. Data is available regarding the viscosity of liquids at different 
temperatures as measured by instruments such as the Weisenberg Rheogonio- 
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meterlo, but it is dificult to adapt this instrument to the measurement of 
viscosity changes in a thermosetting paint film. 

In this paper the authors attempt to study some of the parameters which 
affect reflow, and later suggest a method of measuring the flow of paint films 
during a baking cycle. This method is then adapted to show the differences in 
flow between conventional thermosetting media and reflow thermosetting media. 
Other properties closely associated with surface properties of enamel films, 
such as weathering and mar resistance, are also discussed. 

Reflow 
In a previous p a p e r v h e  authors have considered the parameters affecting 
reflow, and the concept of centre line average (CLA) height of irregularities 
has now been used to quantify a degree of reflow which would be acceptable 
in industry. 

In the current work, the authors have considered a CLA height of 0.05 
micrometers after reflow to be the maximum permitted surface irregularity 
for a high gloss finish. This method was preferred to the measurement of 
percentage gloss recovery, since it gave more consistent results and followed 
more closely the visual assessment of reflow. 

.LXi>cst yf pignzcnr, rrc-rj,lic rcsirz trrll i  mc~lutnitx~ rc.xif1 in cr thcvmosc~rting rciflow 
cwnmcl film 

In the following work, an initial low tenip:ratr~re bake of 15 minutes with a 
panel temperature of IOO°C was used, and a final bake of 17 minutes a t  138OC. 
The two resins used in the reflow enan~els vdcre a hydroxylated acrylic resin, 
Epok D2106, and an isobutylatcd melamine formaldehyde resin, Epok U9195. 
The acrylic resin is supplied as a 60 pcr cent solution in a mixture of xylol and 
11-butanol, at a viscosity of approxiniatcly 25 Stokes at 25"C, and an acid value 
of less than lOmg KOH/g. Thc melamine resin is supplied at 65 per cent solids 
in isobutanol at a viscosity of approximately 25 Stokes a t  25°C. 

A 400 grade sandpaper was used wit11 a mineral seal oil as lubricant. The 
results of numerous experiments in which pigment: binder ratio and acrylic: 
melamine ratios were varied are shown in Fig. I .  The pigment used was a surface 
treated titanium dioxide (Tioxidc RCR2) which was dispersed in the medium 
using a high speed ball mill. The area shaded with diagonal lines denotes 
enamel films which have a CLA heiglit greater than 0.05 micrometers on the 
sanded area after the final stoving schedule. Two peaks, A and B, deserve 
consideration. Peak A was seen to coincide with the maximum hardness and 
degree of cure when the acrylic,melnmine ratio was varied, as seen in Fig. 2. 
Peak B coincided with an  inflection in the viscosity curve obtained when the 
acrylic:melaniine ratio was varied, as shown in Fig. 3. This could be attributed 
to the incompatibility of the acrylic and melamine resins in the region of 
acrylic:melamine 50:50-2030. A further relationship was seen in Fig. 4, 
in which the gloss of a series of enamels at a fixed pigment:binder ratio was 
measured, varying again the acry1ic:melamine ratio. This variation was carried 
out along a line XY drawn on the initial triangular co-ordinate diagram shown 
in Fig. I .  
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PIGMENT REFLOW ltNACCEPTABLE 
(CLA HEIGHT >0.05p) 

REFLOW ACCEPTABLE 
(CLA HEIGHT ?O.05p) 

AREA OF LIMITED 
COMPATIBILITY OF ACRYLIC 
AND MELAMINE RESIN 

ACRYLIC MELAMINE RESIN 

(SOLID) (SOLID) 

Fig. 1. Triangular co-ordinate diagram indicatingTlimits of reflow in white acrylic:melamine 
enamel film 

Fig. 2. Diamond hardness of films-effect of acry1ic:rnelamine ratio 
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Fig. 3. Viscosity of acrylic:melamine resin blends 

A i00 8 0  6 0 40 2 0 0 A 
M 0 2 0 4 0  60 8 0 1 0 0  M 

ACRYLIC: MELAMINE  RESINS RATIO 
Fig. 4. 20" gloss of white enamels vs. acrylic:melamine ratio 

Systems utilising more than one pigment 
Further work was carried out using the optimum acry1ic:melamine ratio of 7:3, 
which gave the best all-round properties. 

Using this fixed acrylic:melamine ratio, it was possible to investigate the 
limits of satisfactory reflow using combinations of two pigments. Four particular 
pigmented systems of interest were: 



1036 J .  R. T A Y L O R  E T  A L .  JOCCA 

Molybdate Red:Permanent Bordeaux FGR (Hoechst) (Fig. 5 )  
Alcoa 726:Cro1noplital Blue A3R (Ciba-Geigy) (Fig. 6) 
Alcoa 726:Degussa Carbon Black IOOOG (Fig. 7) 
Tioxide RCR2:Yellow Ochre MY42 (Fis. 8) 

B* 

Fig. 5. enamel 

enamel 



ALCOA CARBON BLACK 
726 lOOOG 

Fig. 7. Triangularico-ordinate diagram indicating limits of reflow in acrylic/melamine enamels 
using Alcoa 726 and Carbon Black 1000G 

Fig. 8. 

*BINDER=ACRYLIC RESIN 70 
MELAMINE " 2 

1 0 0  

CLA HEIGHT AFTER 
REFLOW >0,05p 

T CHRE 

( ~ ~ 6 2 )  MY42 

Triangular co-ordinate diagram indicating limits of reflow in acrylic/melamine 
films using titanium dioxide and Yellow Ochre MY42 

enamel 
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The graphs indicate that the pigment has a profound effect upon the flow of 
the enamel films during the baking cycle. An attempt was made to establish a 
relationship between the oil absorption of the pigment and the maximum 
pigment concentration that gave acceptable reflow, but no correlation was 
evident. This was not unexpected in view of the number of other variables and 
mechanisms involved, such as the degree of dispersion of the pigment, its 
particle size distribution and the nature of its surface, the nature of the 
acrylic medium used, i.e. its pigment wetting properties compared with those of 
the linseed oil used in the determination of oil absorption, the stability of the 
dispersion, and deviations from Newtonian flow due to thixotropy, dilatency 
and pseudo-plasticity". 

Rheological crspcct.~ of reflow and ovcw .flow 
During a stoving process, changes in temperaturc and viscosity occur in a paint 
film. With thermosetting films, the relationship is more complex than that for 
thermoplastic films, because of the cross-linking reaction13. A paint 
film will reflow during the high temperature bake, provided such factors as 
resin reactivity, intrinsic viscosity, oven temperature and efficiency, and pig- 
mentation are carefully controlled. If the cross-linking reaction in a 
thermosetting system is very fast, there will be little or no opportunity for 
reflow to take place. 

The authors have attempted to measure the apparent viscosities of a number 
of clear thermosetting resin films using a technique adapted from the falling 
sphere method of measuring the viscosity of a liquid. A small steel sphere 
(diameter 1.6mm) was embedded in a film of known thickness applied to a glass 
panel which was subsequently 'held in a vertical plane. In view of the fact that 
the sphere was not completely immersed in the film, it was necessary to establish 
a relationship between the apparent viscosity of the film and the velocity of 
the sphere under the experimental conditions used. This was determined from 
experiments with stand oils of various viscosities and the velocity of the sphere 
was found to be inversely proportional to the kinematic viscosity of the stand 
oil used (Fig. 9). 

Further experiments indicated that the relationship between apparent 
viscosity and velocity of the sphere was virtually independent of the film thick- 
ness used, within the limits of practical application, provided the sphere was 
dropped lightly on to the surface of the film immediately after application and 
left with the panel in a horizontal plane during the flash-off period. The repro- 
ducibility of the results was shown to be good, three spheres being used in each 
experiment. Curves were plotted (Fig. 10) which gave the distanceltime relation- 
ship at 100°C of a steel sphere moving in a 50 micrometer film of Epok resins 
D2101 and U9195 in the proportions 7:3. Epok D2102 is a hydroxylated 
acrylic resin supplied in xylol and n-butanol at a solids content of 60 per cent 
with a viscosity at 25°C of approximately 7.5 Stokes and an acid value of 
approximately 13.5 KOH/g. The velocity/time diagram was then drawn by 



0 200 400 600 800 1000 
VISCOSITY (STOKES) 

Fig. 9. Velocity of sphere vs viscosity of various stand oils 

constructing tangents to the curve at various points (Fig. I I ) .  The conversion 
from velocity to apparent viscosity was made from the relationship: 

Apparent viscosity (Stokes) =56/v (where v - velocity in centimetres per 
minute), obtained from Fig. 9. 

The apparent viscosity/time relationships of two films based on the acrylic/ 
melamine resins described above are shown in Fig. 12, which indicates the 
steeper viscosity rise of the more reactive resin, thereby rendering it unsuitable 
for reflow under the above conditions. 

Figs. 13 and 14 indicate the apparent viscosity changes in films stoved at 
130°C and 140°C respectively. At either stoving temperature, the reflow resin 
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was higher in apparent viscosity during the initial period in the oven, as would 
be expected from its higher molecular weight. The increase in apparent viscosity 
due to crosslinking was, however, slower, which was consistent with its slower 
curing characteristics. 

20 - 

CLEAR FILM BASED ON 
EPOK D2102:U9195 7 : 3  

0 2 4 6 8 10 
t (MINS) 

Fig. 10. Movement of sphere embedded in TSA resin film in 100°C oven 

Fig. 11. Velocity of sphere embedded in TSA resin film in 100 C oven 



Fig. 12. Oven flow at 100°C. Reflow vs conventional TSA resin films 

t ( M I N S )  

Fig. 13. Oven flow at 130' C D2102 vs D2106 films 
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Fig. 14. Oven flow at 140°C D2102 vs D2106 films 

01 I I I I I 
0 2 4 6 8 10 

t (MINS) 

Fig. 15. Oven flow at 140°C after low temp. bakes D2102 vs D2106 films 

Fig. 15 indicates the apparent viscosity changes in films stoved at 140°C 
after initial low temperature bakes, of 70°C in one instance, and 100°C in the 
other. 
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Films which had received an initial low bake appeared to cross-link more 
slowly at 140°C than those which were given only one bake at 140°C. This can 
be seen from a comparison of Figs. 14 and 15. 

As anticipated, an initial low temperature bake of 15 minutes at 70°C prevent- 
ed the reflow system from reaching as low an apparent viscosity during the final 
bake at 140°C as it  achieved from the single stoving at 140 'C. 

Change in appearance owing to weathering 
As an addition to the more conventional methods of assessing oiltside durability 
of paint films. Stereoscan electron microscopy now makes possible the photo- 
graphic recording of film surfaces with exceptional clarity under high magnifica- 
tion, and this information can be used to assess weathered film s~trfaces.~:'~ l4 

Using such an instrument, the :iuthors compnred the oirtside durability of 
acrylic and alkydimelamine enamels, in metallic pigmented films, examining 
unweathered. weathered, and polished surfaces, after I8 months' weathering 
in Florida. The alkyd/melamine system exhibited micro-checking, and it was 
considered possible that breakdown was associated with the geometry of the 
aluminium flake particles. Polishing did not completely eliminate the defect 
in the case of the alkyd film, and it is qitestionnble whether the polishing process 
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did little more than fill in the cracks with polish. The Stereoscan photomicro- 
graphs are shown in Figs. 16-21. The corresponding weathering data is given 
in Fig. 22, which confirnis the inferior result given by the alkyd/melamine film. 

Mar resistance 
Mar resistance is related, amongst other things, to the surface hardness of a 
paint film. In view of the large number of methods of measuring surface hard- 
ness, it is not always possible to relate these two properties. Mar resistance is 
usually measured empirically by the swift motion of the fingernail across the 
surface of the film, the resulting scratch being assessed visually. 

The relationship between Erichsen pencil, Vickers diamond, and Koenig 
pendulum hardness of three clear acrylic/melamine films is shown in Table 1, 
which does not indicate a linear relationship between the hardness results 
obtained by these methods. No precise correlation appeared to exist between 
the mar resistance test by fingernail and the hardness tests mentioned above. 
A new method of quantitatively assessing mar resistance was therefore investi- 
gated. The test which was finally devised involved the production of a uniform 
scratch on the surface of the paint film under investigation, followed by the 
measurement of the depth of the scratch using a surface profile measuring 
apparatus. The uniform scratch was produced by a 3H pencil under constant 

Fig. 17. Stcrcoscan ~rn\re:~tllerccl :~lkycl rnct:lllic ( l li) 



Fig. 18. Stereoscall weathered acrylic metallic ( IK)  



Fig. 19. Stereosran weathered alkyd metallic ( l l i )  



Fig. 20. Stcreoscan polished acrylic metallic ( l l i )  
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Fig. 21. Stereoscan polisl~~d alkyd rnctallic ( I l i )  

0 I I I I I I I I 1 
0 4 8 12 16 

MONTHS IN MIAMI, FLORIDA 

Fig. 22. Comlparative weathering of metallic enamels based on acrylic and alkyd/melamine resins 
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load and the profilc of each scratch was determined at  several points at right 
angles to the scratch using the Talysurf instrument. The results are given in 
Fig. 23 which confirms the order of mar resistance obtzined previously with the 
fingernail. Fig. 24 shows the type of trace obtained over scratches made with 
the fingernail, a 3 H  pencil, and a fine ballpoint pen. Traces made across each 
scratch at different points were generally found to be reproducible. The traces 
indicate that the fingernail and 3 H  pencil methods gave a rougher and more 
uneven indentation, which could be accounted for by the characteristics of the 
sliding contacts, i.e. differences in the normal and tangential forces operating 
at the surface. This would result in different mechanical and thermal disturbances 

Table I 
Relatiotlship bc)tnvetr Erichsctt petrcil, VicLers diarnonrl, Koerriy pet~dr~lr~r~i l~ardness and mar 

resistarrcc~ of cleor crrrerl TSA resin Jilt~is 

Film thickness 1.5 thou (dry) 
Ratio acrylic:nielamine resins 7:3 (based on solids) 
Stoving schedule 17 minutes at 130°C 

FlLM No. 1 

Film ref. 

1 

2 

3 

F l L M  No.2 

F l L M  No.3 

Koenig 
pendulum 
hardness 

( s ~ )  

48 

149 54 147 

183 6 9  

HORIZONTAL MAGNIFICATION OF TRACE =lo2 
VERTICAL MAGN lFlCATlON OF TRACE =lo4 
Fig. 23. Talysurf traces indicating lnar resistance of three TSA resin films 

F 1 poor 

H Moderate 

2 H 1 Good 

Viclters 
diamond 
hardness 
(HP25) 

Erichsen 
pencil 

hardness 

Mar 
resistance 
(fingernail 

test) 
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at  the si~rfrice of the enamel film. KrageIskii1Qas considered both molecular 
interaction (adhesion) and mechanical interaction (interpenetration) between 
two solids. In the case of r i  spherical indentor sliding over a plane surface, he 
described five ways in which the frictional bonds may be disturbed, as follows: 
elastic displacen~ent; plastic d~splacement; cutting; trapping of the surface films 
and their subsequent destruction; and scufing of the surfaces. accompanied by 
tearing in depth of the materials. The authors consider that fingernail or pencil 
marring may involve all of the above disturbances, whereas the sliding ball 
method may not involve the latter two or three stages. 

ERICHSEN PENCIL HARDNESS OF FILM: 2H PENCIL 
"STANDARD" SCRATCH BY: 3H PENCIL 
MAGNIFICATION OF STYLUS TRACE: VERTICAL MAG. =lo4 

HORIZONTAL *. =lo2 

1. FINGERNAIL 

2. 3H PENCIL IN 
ERICHSEN 
HOLDER 

3. FINE BALL- 
POINT PEN IN 
ERICHSEN 
HOLDER 

Fig. 24. Talysurf traces of (a) fingernail scratch (h) 3H pencil scratch (c) ballpoint pen scratch 

The above processes are accompanied by the evolution of hei~t. resulting in a 
localised increase in temperature between the sliding surf:~ces. The distribution 
of heat will depend upon the thermal conductivities and diffusivities of each 
material. An estimation of the temperature rise can be derived from the theore- 
tical and practical considerations of various workers. 

Jaegar'qas investigated in detail the heat produced between rubbing surfaces 
and concluded that a thin layer at the point of contact has a profound effect 
on the temperature rise. In his c:ilculations he considered the mean temperature 
rise. which lie verified experimentally. Arch:irdI7 applied Jaegar's calculations 
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and derived two equations relating a dimensionless parameter, L. with the 
so-called flash temperature between two rubbing surfaces of bodies B and C 
assuming the contact area to be a stationary heat source with respect to body 
B and a moving heat source with respect to body C. For a stationary heat 
source Archard derived the expression 

arid for a moving heat source (L>5) 

Oc =: 0.435 ~ 9 ) ~  LC' . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . ( 2 )  

In order to apply these equations to a practical example it is necessary to 
calculate the flash temperature for each body on the assumption that all the 
herit is supplied to it. The true temperature O M  is then given by: 

~ J R I  
and where L, as defined above - , - . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

; Y. 
. ( 4 )  

in which v - relative speed of sliding 

RI = radius of a single circular contact 

a = thermal diffusivity 

where K =: thermal conductivity 

C = specific heat 

p = density 
-- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  and R, = 1 / ~ , ~  ( 6 )  

where A  = area of a sing!e contact 

From equations (4) (5) & (6) 

"q 
also 0, = - .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PCV 

where q = rate of supply of heat per unit area 

f N v  But q = '--- . 
A J  
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where f = coefficient of friction 

N = load 

J = mechanical equivalent of heat 

Therefore from equations (8) and (9) 

In the case of a thermosetting enamel film which is marred by the swift motion 
of a fingernail, the following numerical values might apply: 

(Using suffixes F for the film and N for the fingernail) 

v = 300cm sec-I 

A = 5 x cm2 (therefore R1 = 1.26 x 10-2cm) 

CF = 0.4 cal g-I "C-I and CN = 0.3 cal g-I "C-I 

PF = 1 g ~ m - ~  and p~ = 1.9 g ~ r n - ~  

KF = 5 x cal sec-l cm-I "C-I and KN = 5 x cal sec-I cm-I "C-I 

f = 0.5 

N = 100g 

J = 4.184 x lo7 erg cal-I 

From equations (3), (7) and (10) it is seen that 

Substituting numerical values into equation I I ,  

The rise in temperature calculated above is significant when considering 
systems that show any degree of thermoplasticity. The authors have considered 
tile decrease in hardness with increasing test temperatures of thermosetting 
acrylic and alkyd/melamine films. The results shown in Fig. 25 indicate that 
the acrylic film does, in fact, exhibit more thermoplasticity than an alkyd! 
melamine film, and will therefore mar more readily. 

It can be seen from equation I I that the temperature rise is directly pro- 
portional to the coefficient of friction between the two surfaces in contact, other 
parameters being constant. When a film is wax polished or handled with greasy 
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Fig. 

01 I I I I I 
0 20 40 60 80 1 0 0  

TEMPERATURE O F  TEST *C 

25. Hardness vs test temperature of alkyd/melamine compared with acrylic films 

fingers, the coefficient of friction is considerably reduced, which in turn will 
significantly increase its apparent mar resistance (Fig. 26). The authors have 
examined the use of an apparatus in their laboratories to study mar resistance. 
A fine steel ball was mounted in a holder and inserted into the automatic 

"STANDARD" SCRATCH : FINE BALL POINT-PEN 
MAGNIFICATION OF STYLUS: VERTICAL MAGNIFICATION=~O~ 

HORIZONTAL " " = l o 2  

1. UNPOLISHED 

2. POLISHED 
WITH "RALLY' 
WAX CAR 
POLISH 

Fig. 26. Talysurf traces indicating mar resistance of polished and unpolished areas of an acrylic 
autohody enamel film 
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scratch test apparatus. This produced a uniform indentation. using a load of 
500g, which could easily be studied quantitatively with a Talysurf instrument. 
However, it is now clear from the above considerations that this apparatus has 
two basic limitations: 

the sliding velocity cannot be varied and is too  low (3.3cm sec-I) and 

the thermal parameters of the steel indentor differ considerably from indentors 
used in practical mar  resistance tests. 

The  methods considered to  overcome these defects are: the use of a non-heat 
conducting indentor. and raising the ten~perature of the test. 
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Discussion at the Torquay Conference 
MR P. FINK-JENSEN, referring to the sliding ball technique for investigating the f l o ~  
of a paint during baking, asked if the ball slid or rolled down the surface. 

MR H. FOSTER said that it did both. Microscopic examination had shown that i t  
occasionally rotated about different axes whilst sliding. Initially, it had been hoped 
to show a theoretical relationship between the sphere's velocity and the film viscosity, 
but this approach was not followed up. 

MR T. R. BULLET congratulated the authors on their work on the sliding sphere 
technique; this was an interesting exercise in applied physics. He thought that the 
connection between the mechanics of the sphere's movement and Stokes Law was 
probably slight; it seemed more likely that the factor determining its velocity was 
the rate of drainage of the resin away from the s ~ ~ r f a c e  of the sphere as it travelled 
down the surface. This would explain the lack of effect of film thickness on the speed 
of the sphere. It would be interesting to investigate the effect of changing the density 
of the sphere, so that the weight of the sphere could be reduced while maintaining 
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the same geometrical relationships. It would also be interesting to see if the method 
could be applied to pigmented systems which were non-Newtonian in character. 

MR FOSTER agreed that i t  would be interesting to use spheres with different densities, 
but unless experiments were confined to constant temperature, it would be necessary 
to take into account the change in density of both the sphere and the film during a 
thermal curing cycle. The investigation suggested by Mr Bullet would certainly help 
to ascertain whether the density of the sphere was a material factor which affected 
its velocity. 

MR J. R. TAYLOR added that the paper had been concerned with resin viscosity 
which was, of course, much less complex than paint viscosity. The effect of pigment/ 
resin interaction was something which could cause problems. 

DR J. C. WEAVER referred to experimental work by Dr H. R. Moore in the USA, 
reported in ASTM Bulletin No. 124, 1943, 19-29 (Clicn~. Ah. 38, 268) and US Patent 
2,338,129 (1944). Using a series of plane glass plates more than 1 metre long and a 
steel ball about 25mm in diameter, together with levelling devices, he had evolved a 
method of measuring accurately the speed of a rolling ball across a test surface. 
Attempts had been made to establish it as an ASTM Standard Method, but it proved 
too laborious for buyer-seller acceptance testing. Perhaps Dr Moore's techniques 
could be used to make the a~~tliors '  method even more quantitative, for research 
purposes. 

MR FOSTER agreed that the work would be of interest. 

MR A. G. N O R T ~ I  said that, if there were a mixture of sliding and rolling movenient, 
errors might be caused by the formation of a thin film on the surface of the sphere 
which would cure more quickly than the b ~ ~ l k  of the coating. This would accelerate 
the viscosity rise obtained. 

Moving on to the part of the paper concerned with mar resistance testing, he was 
rather surprised to see that the heat caused by friction of the fingernail produced a 
temperature of 304' C, and also the speed of the fingernail was quoted at 300cn1 per 
second, which seemed exceedingly fast. Would the authors comment? 

MR FOSTER replied that the fingernail had been applied at as fast a speed as was 
practicable, in order to obtain the highest possible rise. It was agreed that 304'C 
\vo~~ld  appear to be high, but i t  must be remembered that this was only a flash tem- 
perature confined to a very thin layer on the surface of the film. 

MR TAYLOR said that the possibility of resin curing on the surface of the sphere 
and then being brought back into contact with the film had been considered. It was 
possible that the cured material coitld cause a viscosity increase but, even when 
working with fast-curing materials, this effect did not appear to produce viscosities 
of the wrong order. Values had been reproducible, and were, after all, apparent vis- 
cosities intended mainly for comparative purposes. Initially, it had been hoped that 
the Weisenberg Rheogoniometer c o ~ ~ l d  have been used to measure viscosity, but 
this had not been possible because of the danger of damage to the instrument caused 
by the resin setting hard at higher temperatures. He agreed that the sphere method 
needed careful interpretation; no further information was available at the moment, 
and the method had been described in the hope that some further elucidation might 
be supplied by other workers. 

MR NORTH askcd if the use of a sliding plate had been considered, for instance 
using a microscope slide in place of the sphere. This would dispose of any possibility 
of cured material being reintroduced into the film. 

MR TAYLOR replied that this had not been attempted; the danger in such a method 
was that the resin cured by a condensation reaction, and condensation products 
could be trapped between the plates. 
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MR A. KJELLIN said that a CLA height of 0.05pm had been quoted in the paper 
as the maximum permitted surface irregularity. Did this correlate with accepted 
figures in practice in the automobile industry? 

MR FOSTER replied that it had been chosen as the standard required by the authors, 
without reference to the automobile industry. The investigation was mainly to study 
the effects of varying the three components of the system, and the maximum 
irregularity chosen would not materially affect the conclusions drawn. 

DR J. DUNDERDALE asked if the authors could give a gloss figure corresponding 
to a CLA height of 0.05pm. 

MR TAYLOR said that, while it was possible to obtain such a figure in specific cases, 
there appeared to be no absolute relationship between CLA height and gloss. In the 
authors' work, a gloss finish with a CLA height of 0.05ym usually had a 60" gloss 
in excess of 100. 
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The relationship between gloss 
and dispersion in acrylic paint 
films* 
By J. H. Colling, W. E. Craker, M. C. Smith and J. Dunderdale 
Laporte Industries Limited, Organic and Pigments Division, PO Box 26, Grimsby, Lincs 

Preliminary work on the effect of size and dispersion of particles on the gloss of paint films 
is presented, using a simple acrylic system pigrnentcd with titanium dioxide. 

Silica flatting agents were added and the surfaces investigated by interference microscopy. 
Micro roughnesses are concluded to be responsible for the flatting action. Pre-milling 
of the silica affected the number of large particles present, but not the resultant gloss. 
Paints without silica were milled for various times using two pigments with different 
crystal diameters. Electron micrographs of thin sections are used to assess dispersion. 
The gloss is strongly affected by relatively small dispersion changes. 

The relationships involved, and the efficiencies of various sizes, are discussed in terms of 
a simple expression, based upon the concept that a defect produces an area of zero reflectance. 
This results in an exponential relationship between gloss and particle volume concentration. 
The presence of an optimum "size" for gloss reduction is deduced, but not directly 
demonstrated or quantified. 

Keywords 
Properties, characteristics attd conditions pritnarily nssociated with: 
Materials iv general Dried or cured films 

particle size dispersion 
gloss 

Prime pigments and rlyes Extender pigmetrts Binders, resins, etc. 
titanium dioxide silica acrylic resin 

Le rapport entre le brillant des feuils de peintures acryliques et le 
niveau de dispersion pigmentaire 
RbsltmP 
On prksente ilne Ctude prkliminaire sur I'effet qu'exercent la grandeur et le niveau de 
dispersion plgmentaire sur le brillant des feuils de peinture, h savoir un simple systeme 
acrylique pigrne~ite avec du dioxyde de titane. 
(a) On a incorpork des agents de mattage siliceux, et l'on a examine les surfaces au moyens 
de la microsconie interfkrentielle. On conclut que le mattage est provoque par des micro- 
rugosites. Broyage de la silice avant de son incorporation A la peinture influe le nombre de 
grosses particules mises en evidence, mais pas le bri!lant. 
(b) Les peintures exempte de silice ont CtC broyCes pendant de diffkrentes pkriodes en 
utilisant deux pigments ayant les diambtres du cristal diKCrents. Afin d'apprecier le niveau 
de dispersion, on a utilisc les electronmicrographics des plaques minces. Le brillant est 
fortement influt par des changements relativement faibles dans le niveau de dispersion. 
Les rapports impliquCs, et Cgalement lcs rendements des diverses grandeurs sont discutCs 
sous termes d'une ~xpression simple, oh I'on con~oit  que chaque difectuositk provoque une 
region ou le facteur de reflexion est 7Cro. Cela fait naitre tin rapport exponentiel entre le 
brillant et la concentration pigmentaire en volume. L'existence d'une grandeur optimale 
au point de vue de la diminution du brillant cst dCduite, mais elle n'cst pas demontree 
directement, ct on n'accorde pas une valeur specifique a cette grandeur. 

*Presented at the Torquay Conference on 7 May 1971 
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Die Beziehungen Zwischen Glanz und Dispersion bei 
Akrylharzlackfilmen 
%rrsa~nr~ienfus.~~~n~ 
Vorarbeiten iiber die Auswirkung von Teilchengr~ssc und-Dispersion auf den Glanz ton  
Lackfilmen, die aus eineni einfachen n i t  Titanweiss pigmcntiertcn Akrylharzzystem bestehen, 
werden vorgelegt. 
(a) Es wurden Mattierungsmittel aus Kiejelerde zugesetzt. und die OberflSc!ie mittels Inter- 
ferenznlikrokopic untersucht. Der Mattierungseffckt wurdc als Folgc der verursachten 
Mikrorauheit angeschen. Vormahlen der Kieselerde wirkte sich auf die Anzahl der anwesenden 
grossen Partikel, nicht aber auf den sich ergebenden Glanzgrad aus. 
(b )  Lackfarhen enthaltend zweierlei Pign~ente verschicdenen Kristalldurchmessers. aher 
keine Kieselerde, wurde verschieden lang gemahlen. Elektro~ienmikrographien diinnei 
Schnitte, dienten zur Bqwertung des Dispersionsgradcs. Dcr Glanz wird bereits durch 
verhiiltn~sni~issig geringe Anderungen hinsichtlich Dispersion stark beeinflusst. 
Auf einfache Weise werden unter Renutzung der Vorstellung, dass cine Fehlstelle ein nicht- 
reflekticrendes Gebiet erzeugt, die gegenseitigen Bczichungen und die Auswirkungcn 
grossenmlssiger Unterschiede hcsprochen. Daraus ergiht sich cine exponentielle Heziehung 
zwischen Glanz und Partikcl-Volumenkonzentration. Das Vorhandensein einer Optimuni- 
"griisse" fiir Glanzniinderung wird gefolgert, aher nicht dirckt demonstriert oder quantif;zierr 

3 a e a c a ~ o c ~ a  Mexny noclcoM a nacnepcaeii u alcpaJ~oua~x I C ~ ~ C O ' I H L I X  nnenlcas 
Pe3n)nfe 
O n ~ c b ~ e a e ~ c n  npeneapuTenbHoe ilccneuoeaHMc BJIMRHMR B C J I M Y H H ~ I  II aMcnepcMM qacTMu H;I 
JOCK KPaCOYHblX IIJICHOK, IlPHMCHRR nPOCTYI0 aKPMJIOBYK) CMCTCMY nMrMeHTMPOBaHH)t@ 
LIBYOKMCbtO TMTatla. 
(a)  f l o 6 a ~ n f l n ~ c b  MaTMPOBOYHblCCPCIICTBa IIBYOKMCU KpCMHMR M IIOBCpXtlOCTM UCCJleIIOBa~lltCb 
npM nOMolUM l l ~ ~ ~ ~ ~ ~ e k l ~ M O ~ l 0  MMKPOCKOnMM. CYUTIIL'TCR YTO MMKPO-UlePOXOB~TOCTII 
OTBeTCTBeHHbl 3a MaTMpOBVYHOC ~ C R C T B M C .  ~ ~ C L ~ B I ~ ~ M T C J ~ ~ H O C  M3MCnbYCtIMc nByOKMCll 
KPeMHMR BnMflnO Ha YMCn0 H;InMYHblX KpYnHblX Y;lCTMI{ HO IlC OKa3anO B J M R H M R  H;l pe3y:lb- 
THPYK~UIM~ JOCK. 

(B) K ~ ~ C K M  6e3 IIBYOKMCM KpeMHMR pa3np06nnn~cb B TCYellMe pa3nMYHblX nCpMOIIOB BpeMeHII. 
npUMeHRR nBa nH1MCHTa C pa3JlMYHblMII LlMaMelpaMM KpMCTaJlJa. M c I ~ o J ~ ~ ~ Y ~ O T C R  3.1eK- 
TPOHHblC MMKPOCHMMKM TOHKMX CpC30B IIJlfl OltCllKM llMCllepCMH. O~tl0~MrCnbIiO Ma-lble 
143MCHeHMR B llMCllCPCUM CMnbHO BflMflWT Ila nOCK. 
06cyxnato~cn nonyveticlble OTHOUICHMR II . ) ( ~ ( ~ C K T M B H O C ~ ~  ~ ~ ~ J I M Y H ~ I X  p a l ~ e p o ~  Y~CTHLI ,  
IlpUMCHRR npOCTOe BblpaXCtlMe OCHOB1IHHOC Hz1 nOHRTMM Y l O  I IC~)CKT Bbl3blBaCT nJlOUlailb 
HyneBofi OTpaHCaCMOCTM. 3~0 npMBOLlMT K . ~ K C ~ O ~ ~ C H U M ~ S I ~ H O ~  7;IBIICMMOCTM MCXLly JOCKO\l  
M 0 6 a e ~ ~ o G i  K O H U ~ H T ~ ~ U M C ~ ~  YaCTMU. @ O ~ M ~ ~ M P Y C T C R  IlanM'IMC OllTMMaJlbHOrO "ptl3MCpa.) 
YacTHu Ann C H I I ) K ~ H M R  ~ O C K ; I .  XOTR OHO I I C  UCMOHCT~MPYL'TCH I I  ~ o ~ i ~ ~ ~ e c i ~ e ~ t i o  HC' onpcile- 
JlReTCR. 

Introduction 
The factors that influence the assessment of gloss have been discussed in a 
number of papers1. " :" "". In an earlier work5, the authors have examined the 
relationship between subjective gloss assessment and objective measurements 
made with a 45" fixed head gloss meter (EEL)  and with measilrements made 
on a specially constructed spectrogoniophotometer (SGP). 

The optics of the SGP are such that a perfectly plane surface gives rise to 
a recorder trace which is triangular and which has a fixed base width. Devia- 
tions from perfection will alter the shape or size of the triangle. Sample plates 
are compared with a standard black glass tile. the results being expressed in 
terms of peak height ratio (PHR) and peak area ratio (PAR). the latter being 
the less precise measurement. Each of these ratios can be affected by surface 
distortions which were" for the sake of convenience. designated micro or 
macro according to the manner in which they affected the incident light beam. 
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Micro defects are of a size such that the incident radiation is scattered or 
d~ffracted and does not, therefore, contribute to the specular beam. The SGP 
peak remains triangular, but both the PHR and PAR are reduced. By analogy 
with conventional scattering theory, these defects are expected to be of the 
same order of size as the wavelength of the incident radiation. These micro 
defects result in low image contrast when the surface is used as a mirror, but 
the image remains sharp. 

Macro defects, on the other hand, reflect energy away from the main specular 
beam in accordance with the laws of geometric optics. Thus, the total energy 
in the specular beam remains unaltered, but it is spread over a wider angle. 
The PAR remains unaltered, but the PHR decreases and the image is distorted. 

Obviously, these two sizes of defect are merely extremes of what is essen- 
tially a continuous range and surfaces can contain any combination of defects 
so that a wide range of peak shapes is possible. 

A triangular peak with "tails" is commonly observed, resulting from the 
presence of a few macro distortions in a surface which otherwise contains only 
micro distortions, or is perfectly plane. Gross macro distortions result from 

:. the presence of very large defects andtor the method of application or drying. 
In the present work, care was taken to prevent confusion of the results by 
these defects. 

Although it is generally accepted6* :* " ." that size and dispersion 
differences of particles in paints lead to different levels of gloss, the actual 
size of particles, and the nature of the relationships involved, have not been 
defined. This work, based on the methods outlined previously, is the first part 
of a detailed study of the relationships between the gloss of paint systems, 
the surface defects responsible for reduced gloss, and the degree of dispersion 
of pigment particles within the films. A simple acrylic system (Bedacryl 122X) 
pigmented with titanium dioxide was used throughout. 

The present work consists of two main parts: 
a study was made of the effect of adding silica flatting agents; 

a study of the effect of variation in the degree of dispersion of titanium dioxide 
in terms of scattering coefficient and gloss was made by milling the paints for 
different times, the pigment particle groupings within the films being measured 
from electron microg-aphs of thin sections. 

Experimental 
Silicw ad(lition.r 
A set of paints containing various quantities of fine silica. was prepared. Five 
srades of silica, designated ( A )  to (E) ,  were incorporated into standard acrylic 
paints. 

Paint tnill husc (IS0; PVC): 
log titanium dioxide 1 Milled for 16 hours in 4oz jars at 180 rpm, 
30g medium {diluted with 30g medium and rolled for 

lOOg ;in steatite ballotini J I hour 
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Silica mill base: 
log fine silica Milled for I hour in a 1602 jar at 120 rpm, 
90g medium diluted with 200g medium and rolled for a 

200g gin steatite ballotini 

The medium in each case consisted of 2 parts Bedacryl 122X : 1 part xylene by 
weight. 

The silica additions were made by replacement of the titanium dioxide in 
the range 0-10 per cent by weight (0-3.85 per cent total paint weight), with the 
appropriate quantity of each silica. 

Paint films were prepared in duplicate by spinning on to 6in x 4in glass 
plates. One panel of each paint was dried normally (paint film uppermost) 
and the other was dried in an inverted position. Each panel was examined by 
SGP at 550nm; EEL gloss measurements were made and interference micro- 
graphs of the surfaces were obtained. 

Pre-milled silica additions 
An additional series of silica-containing paints was prepared using samples 

of silica mill base which had been milled for different times, the manner of 
preparation and measurements made being as described previously. 

Paints contuining TiO, only 
Paints were prepared from two untreated rutile titanium dioxide pigments, 

the volume-biased mean crystal diameters of which were 0.22pm and 0.17pm 
for pigments (A) and (B) respectively. A number of jars were prepared and milled 
for different times, the pigments being added in an incremental fashion. For 
practical reasons, the actual times deviated slightly from those shown below 
(see Table 3). 

10% PVC mill base : 
10.4g titanium dioxide Milled for 6, 16, 32, 64, 150 and 500 hours in 
47.38 medium (as before) 802 glass jars at 144 rpm, diluted with 
150g #in steatite ballotini 47.38 medium and rolled for 1 hour 

20% PVC mill base: 
23.5g titanium dioxide 
47.38 medium \Milling conditions as above 
150g fin steatite ballotini J 
Paint films were prepared on glass plates as before. In addition, separate 

films were prepared on Melinex using a no. 8 wire wound applicator. Small 
strips of these films were cut and embedded in an Araldite resin, and sections 
of O.lpm nominal thickness were obtained for electron microscope trans- 
mission photographs. These paint films were also used for making scattering 
coefficient determinations. 

Results 
Eflect o f  diflerent silicas 

The SGP peaks for all samples in this series were essentially triangular and 
the peak width at half peak height was constant, hence there was excellent 
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agreement between SGP and EEL gloss measurements. Because of this agree- 
ment, EEL gloss is in general quoted in tables and graphs, since it is the more 
familiar measurement. In a few cases, small thin tails were observed, which 
are considered to be due to the presence of a small number of relatively large 
macro defects. There were no differences in the results obtained between the 
inverted and normal drying experiments, Fig. I .  Plots of EEL gloss versus 
weight per cent of silica are presented in Fig. 2. 

x NORMAL DRYING 
o INVERTED DRYING 

I I I 
1 2 3 

PERCENT WEIGHT OF SlLlCA PER DRY F l L M  WEIGHT 

Pig. 1. EEL gloss for acrylic paints containing various amounts of silica A 

SILICA A 
SlLlCA B 8 

SlLlCA C 0 

SlLlCA D o 
SlLlCA E x 

SlLlCA 
-B 

2 0  - 

10- 

Oo 
I I I 
1 2 3 

PERCENT WEIGHT OF SlLlCA PER DRY F l L M  WEIGHT 

Fig. 2. EEL gloss for acrylic paints containing various amounts of the silicas 
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tially straight, can be used to assess the surface micro roughness. A quantitative 
estimation may be made by measuring the coefficient of variation4. Macro 
defects can also be seen in the photographs as circi~lar contour fringes and 
the number of fringes in each case can be used to estimate the size of the 
irregularity. 

The various gloss measurements and the coefficient of variation of line 
spacing are given in Table 1 .  Fig. 4 is a plot of the coefficient of line variation 
against EEL gloss. from which it  can be seen that the correlation is very good 
(significant at the 95 per cent level). confirming the hypothesis that loss of 
radiation from the specular beam is brought about by micro roughness of the 

70 

60 

m 
m 

S 
cl 

J W 

W 
5 0  

40 

#. 

NC SlLiCA 
- 

SILICA B 
X 

- 

SILICA C 
X 

- 

10% COEFFICIEN; = 0.03pm MICRO- SILICA D 
OF VARIATION I - \x\ ROUGHNESS HEIGHT S!LICA X ,  E 

- 
0 5 10 15 20 

Table I 
Mensurements on the itrterfirc~trce nricrogruphs relu~eti to glo.~s clatu for paints 

coatnining 0.57 % silica 

COEFFICIENT O F  VARIATION (%; 

Fig. 4. EEL gloss vs micro-roughness for additions of the five silicas of 0.57",, of total paint 
weight 

Silica 

- 

A 

B 

C 

D 

Visual 
rankingof 

macro 
roughness 

I 
SGP niean 
peakbase 1 
wi$:;t / Rank 

(cm) , 
PHR 

(550nm) 

- 

33.5 

47.3 

37.0 

I 
E 

I- 
5 (most) I 8.7 , 5 

2 6.4 3 

I 3 8.2 I 4  

4 5.5 ' 2  
I 

EEL 
gloss 

-- 

53 

63 

55 

I 19-6 I I 1 26.0 1 41 4 1 I (least) 1 2.6 

28.0 

Gloss 
rank 

-- 

3 

1 

2 

48 

I I 

I Coellicient 
of Rank 

variation 1 
( "0 

- -- : 
13.7 1 

14.7 I 2  

4 20.6 5 I 
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surface. A visual assessment of the macro roughness of each surface was made 
from the photographs and this, together with the mean peak base width, is 
also included in Table 1 .  It can be seen that there is no relationship between 
macro roughness and gloss, but that the agreement between macro roughness 
and mean peak base width is good. 

Efect of  adding silicas prc-milled for difl~>rcnt times 
Interference photographs of paints prepared in this series show that the macro 
defects decrease in size and number as a function of milling time, but there 
is little change in the micro defects. 

Measurements obtained from the SGP peaks are given in Tables 2a and 2b. 
It can be seen that the peak base widths decrease with milling time, whereas 
the EEL gloss data given in Table 2b show little change. This, taken in con- 
junction with the constancy of the coefficient of variation, is again consistent 
with the proposition that micro roughnesses are responsible for low gloss. 

Table 2a 

Peak base widths for paints containing 0.77 % silica 

(hours) 

Table 2b 

Mean EEL ~1os.s re.srrlt.s for paints containing silica A pre-milled 
f i ~ r  variorrs tinic's 

I 
Milling 

time (hrs) 

0 

4 
I 

2 

6 

16 

Weight 7; silica per weight of dry paint 

3.85 

8 

10 

8 

8 

8 

8 

0.093 

67 

68 

67 

67 

66 

68 

- 
0.385 

59 

60 

59 

60 

58 

56 

0.769 
- 

48 

47 

50 

45 

45 

4 1 

1.92 

23 

23 

23 

2 1 

22 

21 
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Paints containing titaniwn clioxirlc only 
In this series of experiments, the gloss was altered by varying the PVC and 
the type of pigment. The manner in which the paints were prepared also 
produced changes in dispersion. The EEL gloss measurements are given in 
Table 3 for each of the pigments used, at each PVC. 

Table 3 

EEL gloss sallres and peak Iteight ratios at 550nm for variorrs ntilling tintes 

The EEL glosses are plotted against the log of milling time in Fig. 5 and it 
can be seen that, for the range of milling times used, there is an approximately 
linear relationship. It is evident in this presentation that the gloss is strongly 
dependent on PVC (as would be expected), but does not differ much between 
the pigments. The pattern shown by the plot of PHR against milling time, 
Fig. 6, is seen to be very similar to that shown in Fig. 5. Once again, the EEL 
gloss and PHR are in excellent agreement. 

Thin section photographs of areas typical of both pigments at each PVC 
are presented in Fig. 7. By counting the number of primary particles in any 
group (a group is a collection of particles in which each particle is in contact 
with at least one other particle), an attempt has been made to assess the group 
size distribution and hence the mean group size; that is, the mean number of 
particles in a group is used as an estimate of group size. 

It is considered that these means are a valid measure of the dispersion of 
the pigment; this is discussed later. The various means for all paints are given 
in Table 4, together with milling times, EEL glosses and scattering coefficients. 

Pigment B 
Milling time 

(hours) 
I - -  

Nominal 1 Actual 
- 

6.2 

16 * 1 6 . 7  

It can be seen that the group size bears an inverse relationship to the EEL 
gloss and the results are plotted in Fig. 8. 

Pigment A 

16 Dup. 

32 

64 

64 Dup. 

150 

500 

lO%PVC 

' 

29.5 

66.9 

148.5 

504.5 

EEL 
- 

47 

59 

53 

60 

67 

67 

73 

81 

10% PVC 2O%PVC 
- 

PHR 
- 

30 

42 

42 

50 

58 

60 

68 

77 

EEL 
- 

49 

56 

53 

62 

70 

68 

75 

82 

EEL 
- 

19 

34 

27 

34 

43 

43 

53 

66 

20%) PVC 

EEL / PHR 
_ 

PHR 
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34 

43 

4 1 

53 

58 

6 1 

71 

79 

PHR 

6 

21 

15 

22 

34 

34 

45 

60 

-- 
22 

30 

28 

35 

40 

42 

52 

7 1 

9 

20 

17 

25 , 

3 1  

33 

44 

67 
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I I 

5 10 20 50 100 200 50C 
PAINT MILLING TIME (HOURS) 

Fig. 5. EEL gloss vs milling time at 10 "i and 20 ",, PVC 

It has been found that similar relationships may be observed if the pro- 
portion of particles present as singlets is used as a measure of dispersion rather 
than the mean group size. 

It has also been observed that a similar relationship holds between gloss and 
mean group size if paints prepared from pigments of different dispersibility, 
but milled under identical conditions. are compared. A typical plot for such a 
series of pigments is given in Fig. 9. 



PIGMENT A 
10 P V (  2 0 .  P V C  

PIGMENT B 
Fig. 7. Part of typical thin section electron micrographs for both TiO, pigments at each PVC 
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Table 4.  Variation in mean group size, EEL gloss and scrrtteritig coefirient with milling time 

I I 1 I 
2 3 4 5 

MEAN NUMBtR OF PAHTlCLtS PER GROlJP 

Fig. 8. EEL gloss vs mean number of particles per group (from co~~nts on thin section micrographs) 

Pigment 
PVC 

A 10% 

A 20% 

B 10% 

B 20% 

Scattering 
coefficient (mil-') 
- 

3.42 
3.31 
3.33 
3.43 
3.88 
3.77 
4.22 
4.26 

-- 
4.45 
4.55 
4.56 
4.41 
4.95 
4.93 
4.90 
5.20 

---- 
3.44 
3.56 
3.66 
3.74 
3.75 
3.86 
4.10 

4.26 

500 

Nominal 
mill time 

6 
16 

32 
64 

1 50 
500 

6 
16 

32 
64 

1 50 
500 

-- 
6 

16 
32 
64 

1 50 
500 

6 

8 0  

7 0  

60 
V) 

10% 
m PIGMENT B 
9 50 
0 
J 

4 0  PlGMtNT A 

; $",; F::} PIGMENT A 
3 0  

2 0  

16 
32 
64 

150 
3.76 

Mean number 
per group 

3.31 
2.8 1 
2.45 
2.87 
2.44 
2.82 
2.35 
2.30 

3.20 
3.82 
3.24 
3.04 
3.23 
3.08 
2.82 
2.18 

4.3 1 
3.84 
4.04 
3.32 
3.39 
3.16 
2.71 

- -  

5.06 

EEL 
gloss 

49 
56 
53 
62 
70 
68 
75 
82 

22 
30 
28 
35 
40 
42 
52 
7 1 

47 
59 
60 
67 
67 
73 
81 

. 

19 
5.30 
4.78 
4.7 1 
4.68 
3.68 

66 4.71 

34 
34 
43 
43 
5 3 

4.29 
4.61 
4.42 
4.62 
4.5 1 
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Fig. 9. Peak height ratio at 550nm vs mean n~lmber of particles per group for a range of pigments 
at 15 "/, PVC 

Discussion 
It is generally accepted that a surface has low gloss if energy is removed 

from the specularly reflected beam (hence the use of instruments such as the 
EEL gloss meter). Although gross surface defects will produce image distortion 
and thereby result in a less acceptable subjective gloss, it is the small surface 
defects which remove energy by scattering and/or diffraction. Unfortunately, 
an analytical solution of Maxwell's equations appropriate to the boundary 
conditions that occur at a surface has not yet been proposed. However, it 
is not unreasonable to suppose that, by analogy with the Mie solutions, the 
scattering efficiency of surface defects will be strongly dependent on both the 
wavelength of the incident radiation and the size of the defect. It is also con- 
sidered likely that there will be an optimum size of defect for scattering which 
will be of the same order of magnitude as the wavelength of the incident 
radiation. These assumptions have been used as the basis for the following 
simplified treatment, which is useful in discussion of the results obtained. 

Consider a paint film to contain a weight W of pigment per unit volume. 
Let there be a weight fraction wi of particles each having a diameter di and a 
porosity pi, the particles being either singlets or groups of singlets. If the true 
density of the pigment is p, then the number of such particles which can 
interfere with unit area of surface is: 

Each point of interference produces a surface defect which will scatter or diffract 
radiation out of the specular beam. In principle, each defect can be regarded 
as an area of surface which has zero reflectance as far as specular energy is 
concerned. Let k(dih) be the average effective area of zero reflectance for all 
particles of diameter (1; at wavelength A. This function is considered to be 
analogous to Q,,,xr2 which is used in the three-dimensional Mie theory, 
where Q,,, is the extinction coefficient and r is the radius of the particle. That 
is. the effective zero area can be larger than the geometric size of the surface 
defect. 
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Clearly, areas such as the one described can overlap, particularly when 
there is a high density of such areas. Consequently, the effectiveness of a total 
number, from the point of view of scattering, will be less than if all the areas 
were completely separated. Therefore, consideration has to '3e given to the 
probability that any particular point on the surface will be unaffected by the 
neighbouring defect. This is given by: 

In order to make the expression completely general, it is necessary to perform 
a summation over all the particle sizes present and expression (2) becomes: 

If Go is the specular reflectance of the surface when there lire no defects 
present, then the measured specular reflectance with defects is: 

Dependent on the assumptions made. it is possible to derive other expressions. 
but all are formally identical to equation (4). They are all very difficult to use. 
however, because of the problems associated with the evaluation of the 
function k(dih). 

The use of expression (4) for the purpose of discussion is made easier if 
the particulate system is considered to be mono-disperse-in which case it 
can be written: 

where V is the PVC expressed as a volume fraction. 

In Fig. IOa, a possible variation of k(&) (analogous to the Mie Q,,,) is 
compared with d2, plotted against d. The resulting plot of k(dh)/d" shows a pro- 
nounced maximum (Fig. lob). It is not necessary for k(d1.) to have an absolute 
maximum; an inflection produces similar results (Figs. I I .  a and b). The Fig. 10 
case has an expanded diameter scale, but in both a rapid rise in k(dh) is shown 
at low d, and k(dh) is assumed to approach the geometric area d2 at high values 
of d. For both these cases, values ofGlGo are plotted against diameter. d, for 
various PVCs in Fig. 12, and definite minima are observed. The results which 
have been obtained in this work can now be discussed in terms of this simple 
theoretical treatment. 
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(A) COMPARISON OF POSSIBLE k(dA) 
AND d2 vs DIAMETER, d 

k ( d 4  Fig. 10. Comparison of k(dh) and d2 vs d, showing maximum value obtained for --, vs d 
d 
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k ( d h )  
(B) RESULTING 7 vs DIAMETER, d 

0 
.c 

DIAMETER OF PARTICLE, d 
k(d4 Fig. 11. Example of inflexion in curve of k(dA) vs d producing maximum in --- vs d d ' 
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k(dh) 
(A) FROM -p- O F  FIG. 10 

7 

> 
DIAMETER O F  PARTICLE, d 

k(dX) 
(B) FROM 7 O F  FIG. 11 

0.8 - 

DIAMETER OF PARTICLE, d 

Fig. 12. Gloss ratios GIGo at variotrs PVCs us diameter, d 

From Fig. 13 it is evident that an exponential relationship between the 
PVC of silica and the gloss exists for the paints containing silica. Each of the 
silicas is extremely efficient in reducing gloss and the values of k(dh)/d2 range 
from -40 for the least efficient to -140 for the most efficient. The plot of 
EEL gloss against coefficient of variation (Fig. 4) has been combined with a 
plot of gloss against coefficient of variation previously reported4 and the 
composite plot i s  presented in Fig. 14. The agreement between the two sets 
of data indicates that the same physical process is responsible in both cases. 
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SlLlCA A x 
SlLlCA B o 
SlLlCA C 3t SILICA D + 
SlLlCA E m 

1 1  I I I 
0 1 2 3 

volume percentage of s ~ l ~ c o  In the dry paint 

Fig. 13. EEL gloss (log scale) vs volume percentage of silica 

90 - x SILICA ADDITIONS 
(GRAPH 4) 

2 8 0  - 
S 
O 7 0  - 
J 
W 0 
W 6 0  - 

3 

50 - 
10% COEFFICIENT 

40 - OF VARIATION E 0.03pm MICRO-ROUGHNESS O 

HEIGHT 

30 
0 5 10 15 20 

COEFFICIENT OF VARIATION (%) 

Pig. 14. EEL gloss vs coefficient of variation (from interference micrographs) 

Referring to the paint made from pigments A and B, it has been shown 
that gloss increases with milling time (Figs. 5 and 6) and decreases with the 
size of the group of pigment particles (Fig. 8). While this particular measure 
of size uses an essentially two-dimensional estimate to represent an essentially 
three-dimensional parameter, this is not distorting the information to any 
significant extent. For example, Fig. 15 presents the scattering coefficients 
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plotted against group size and, although the coefficient decreases with size, 
the PVC is obviously more important than the size. This pattern was expected, 
on purely theoretical grounds, and thus supports the usefulness of this estimate 
of the size parameter. 

a 
20% P.V.C. 

a * 

o PIGMENT A 
PIGMENT B 

0 0 

I I I I I 
1 2 3 4 5 

MEAN NUMBER OF PARTICLES, PER GROUP 

Fig. 15. Scattering coefficient vs mean number of particles per group 

Reverting to Fig. 8, it is obvious that increases in PVC have less effect on 
gloss than increases in size. Further, pigment A, which has the larger primary 
crystal diameter, is the more effective at reducing gloss for any particular 
group size and PVC. Comparing Figs. 8 and 15, it becomes clear that, at this 
level of dispersion, primary crystal diameter and the size of the groups produced 
by the dispersion procedure are of primary importance in governing gloss, 
but of secondary importance in governing scattering coefficient. That is, 
k(dib)jd2 is increasing rapidly as the size increases. For pigment A, k(dh)/d2 
goes from -1.5 at a size of 2 particles per group to -8.5 at a size of 3.5 par- 
ticles per group. A comparable change is observed for pigment B, where 
k(d>.):'d2 goes from -0.5 at 2.5 per group to -7.5 at 5.5 per group. In all 
cases the exponential expression (5) has been assumed. The fact that the values 
for k(dh)?d2 are not the same for the two pigments at any one group size, is 
probably due to their different primary crystal sizes. 

These values of k(dh)jd2 are much lower than those obtained for the silica 
additions, as would be expected from the greater efficiency of the silicas. The 
values obtained can be used to comment on k(dh), the area of zero reflectivity, 
which is associated with the defects produced by the pigment particles. Despite 
the quadratic increase in d, Ic(dh)/d2 increases with increasing group size. This 
must mean that k(dh) is increasing very rapidly as the number in a group 
increases, at least over the size range investigated. That is, the increase in the 
area of zero reflectance is far outweighing the decrease in the number of such 
areas. 

An indication of the relative importance of the actual defect size can be 
obtained from Fig. 16, which presents surface replicas for some of the paints 
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to which silica was added. The relatively small and ineffective defects produced 
by the pigment, which is clearly well dispersed, are quite visible. The relatively 
large, but not very high, defects produced by the silicas are also visible. These 
large defects must be associated with a large area of zero reflectivity for them 

0 3 S I L I C A  D 

,A I i  !ii*p~,~, 
Fig. 16. Part of typical low magnification surFace replicas of  paint films with relatively low and 

I ~ i g l ~  silica additions 



to be as effective as they are in reducing gloss. For the pigments, all of the 
groups of particles interfering with the surface are producing defects with 
values of k(dh)/d2 on the ascending section of plots, such as Figs. IOb and 1 I b. 
The silicas, on the other hand, are giving values much higher, possibly in the 
region of the peak of such curves. 

Conclusion 
This work has indicated that there are two components which contribute 
to the efficiency with which surface defects cause gloss deficiency. The physical 
size of defects is related to the area of zero reflectivity produced by it in a 
most complicated way. This area increases very rapidly as the physical size 
increases at least up to "flat" defects of about lpm lateral extent. An increase 
in the number of such defects produces a corresponding decrease in gloss 
although not a linear decrease. 

In the common case of a fixed amount of pigmentary material being present 
in varying degrees of dispersion, it is likely that, as the dispersion becomes 
worse, the rapid increase in each individual area of zero reflectivity produced 
by the larger groups will far outweigh the fact that there are fewer groups 
present. 

Although the presence of an optimum size has not been demonstrated in 
this work, it has been implied by other workers79 and the simple theory 
presented here helps to explain it. 
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Discussion at the Torquay Conference 
PROFESSOR G. D. PARFITT pointed out that, although the effect of the silicas used in 
the work on the gloss of the film had been quite large, the author had not given much 
detail of their characteristics. I t  had been stated that gloss was directly related to degree 
of dispersion, which would in turn be directly related to the components present. 
Tn particular, if the silica had a particle size appreciably smaller than that of the pigment 
used, this would play an important role in the flocculation behaviour. 

DR J. DUNDERDALE said that considerable difficulty had been experienced in obtain- 
ing the particle size of the silica, particularly because of flocculation effects. Electron 
micrograph sections of the film tended to indicate that the particle size of the silica 
was less than the pigment, and an interesting point was that the silica particles did 
not appear to be reduced in size during milling. 
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PROFESSOR PARFITT commented that the micrographs showed both hetero-and homo- 
flocculation. It had been shown that the presence of smaller particles could affect 
flocculation, and he felt that it was important to consider this when adding flatting 
agents to paint formulations. 

Also, in considering the effect of dispersion on surface defects, was the dispersion 
of particles at the surface of the film the same as that in the bulk? 

DR DUNDERDALE replied that there was no reason to believe that the distribution 
of particles at the surface was any different from that in the bulk of the film. I t  was 
believed that solvent-based films, as used in the work, dried from the bottom up; 
Hence there was no possibility of forming a skin, which could push the particles doun 
and cause a levelling effect on drying. 

As had been stated, this work was in its early stages, and much of it was inference, 
but no attempt had been made to investigate the reasons for flocculation, only to 
relate the flocculation present to surface defects. 

PROFESSOR PARFITT agreed that this was a valid point, but said that he thought i t  
was of interest to consider carefully the surface of the film. Published work had 
indicated that a thin clear layer was formed at the surface of alkyd films, while in 
acrylic films, the reverse occurred, and a greater concentration of pigment was found 
at the surface. 

DR DUNDERDALE said that a large number of cross-sections had been examined, 
and no clear layer was obvious, unless. by "thin clear layer" it was meant that none 
of the pigment particles was not covered by binder, in which case he would agree. 
The thickness of the clear layer was the point in question. 

MR S. E. MASKERY remarked that the Joyce Loebl disc centrifuge might be of use 
in determining the particle size distribution of the silicas. However, the various silicas 
on the market had different structures, and some were more friable than others. 
Hence a more friable type might break down on dispersion, causing different results. 

With regard to the peak heights obtained from the spectrogoniophotometer. he 
felt that these could be very important in assessing the gloss of a paint at different 
angles. 

DR DUNDERDALE agreed, and said that i t  was necessary to measure the particle 
size distribution in the system under investigation, as i t  might differ from that in the 
dry state or other systems. 

MR D. F. TUNSTALL said that he was surprised to see an apparent lack of variation 
in scattering coefficient between the two pigments of different primary particle size. 
Was it possible that errors were being caused by the sectioning procedure when assess- 
ing agglomerate size? This was known to occur in some cascs, and might give spurious 
results at differing PVCs. Also, had any allowance been made for the fact that the 
widely different glo:.s levels would affect the determination of scattering coefficient for 
the two systems? 

DR W. E. CHAKER replied that the lack of effect of particle size on scattering could 
be predicted theoretically. Using a combination of Kubelka-Munk and Mie theory, 
it could be shown that, for distributions of particles having mean diameters between 
about 0.15yn1 and 0.3pm, the scattering coefficient was sensibly independent of the 
particle size. The possibility of errors being caused by the sectioning procedure had 
been foreseen and a check had been carried out by preparing several dispersions by 
different methods. It had been found. with all the dispersions, that the degree of 
aggregation affected the scattering coefficient little, and the gloss markedly, and since 
the dispersion by each method would not be expected to be the same, this tended to 



support the conclusions made. He agreed that gloss could afTect the scattering 
coefficient measurements. Some work had been carried out to investigate this, and 
i t  was not thought to make an appreciable difference to the results obtained. Using 
the approach developed in earlier work (JOCC'A, 1967.50, 1 I I ) it had been estimated 
that the maximum effect was in the region of 5 per cent to 10 per cent of the measured 
scatter. 

Next month's issue 
The Honorary Editor has accepted the following papers for publication, and these are 
expected to appear in the December issue. 

Papers from the Torquay Conference: 
"Effect of pigment dispersion on the appearance and properties of paint films," 
h ~ .  C I  '. Ccrrr 

"Research and development-recruitment, education and training," by P. Bc>rlrrett 

"Financial evaluation of research projects," hy A .  G. North 



Correspondence 
SI Units 

s ~ ~ - - W i t h  the present controversy over Sl units 1 consider that the Association 
should make a decision as to which system of units they wish used in the Journal. 

In one recent issue, not only did I notice the use of microns and nanometres 
in successive articles, but also the use of the terms mg g-l and mg/g in the 
same table of results. If we must have disparity of nomenclature, let us at least 
insist on uniformity in the one Communication. 

1 am also disturbed by the growing tendency in the Journal for authors to 
use symbols "willy-nilly" without explanation of the meaning of such symbols 
or the quantities they are meant to represent. 

Please let us have some uniformity at least in this Journal. 

Yours faithfully, 
P. S. Nisbet. 

30 August 1971 
A. B. Fleming & Co. Ltcl., 
Caroline Works, 170 Glusgolt. Road, 
Eclinburgl~ EH12 9 B E  

EDITOR'S NOTE 

The point made by Mr Nisbet is well appreciated, but we do not feel that 
at this stage it would be appropriate to insist on the use of SI units. There are 
a number of reasons for this. 

Firstly, there is always a period of some months between the receipt of a 
paper and its publication, it wo~tld therefore be necessary to give authors 
corlsiderable notice that such a step would be taken. To convert all the papers 
in hand to SI units would involve a great deal of editorial work and could 
conceivably result in some confusion in points made by the authors. 

Secondly, it would not be reasonable to insist on the adoption of these units 
when some of the industries served by the Journal have not yet adopted metric 
units. The paint industry itself has only recently started to supply in metric 
volumes, and some allied industries in which a significant proportion of the 
membership is found and from which a number of papers for publication are 
received, have not yet reached this stage. The use of SI units in a paper on a 
relevant subject might render it largely incomprehensible to readers working 
on the practical side of these industries. 

These and other restrictions have led to the decision that the adoption of 
SI units, though highly desirable, should be gradual, until such time that it is 
felt appropriate to insist upon their use in all papers. 

1080 
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Technology of Surface Coatings or Technology of Coatings? 
SIR,-Years and years and years ago one of your predecessors printed a short 
letter-not from me-making it clear that only a slack refusal to think could 
have been responsible for currency being given to surjace coating as the name 
for a class of substance. 

Anyone has only to look in a decent dictionary (e.g. the "Shorter OED") to 
see that a coating is something put on a surfice, from which it follows that 
surface coating is one of the crudest and clumsiest tautologies that anyone 
could possibly compose in so few as two words. 

Whence I am horrified to see that in the proposed Professional Grade a 
typical designation will be Fel lo~,  . . . in tlie Tecl~nology of Surface Coatings. 
Professional ! Really ! 

May 1, as a fairly long-standing Ordinary Member who performed a small 
service for OCCA during the war, ask for a simple test to be made? Members 
of the Professional Grade Committee must, I suppose, have many contacts 
outside the paint industry, which always has taken the line that if "you know 
what it means" it's all right. Let them ask 20 teachers of English in secondary 
schools anywhere in England, and if so many as two can be found willing to 
siipport (not merely swallow) surface coating I will buy a hat and eat it. 

5 Grange Court 
Pinner HA5 5 Q B  
17 Septernber 1971 

Yours sincerely, 
Neil R. Fisk. 

Reviews 
EXPERIMENTAL DESIGN SELECTED PAPERS BY F. YATES, FRS. London: Chas. 

Griffin, 1970. pp. xi - 1 -  296. Price £4.20 
With the computer as an ever present aid, and textbooks by the dozen available 

from any public library, the development of statistical designs tends to be 
ignored. Frank Yates at Rothamstead Experimental Station was one of the 
most important researchers in  this field, and not only did he (together with 
Professor Fisher) have to develop the techniques, but also to establish their 
credibility to an often doubting scientific world. 

During his years at Rothamstead he trained many practical statisticians, and 
on his retirement, Cochran, Finney and Healy persuaded him to select a number 
(1 2) of his papers for publication in book form. 

Your reviewer cannot with any honesty comment on these papers; they are 
part of the history of statistical design, covering the years 1933-1966. They all 
demonstrate Yates' ability to delinc clearly and simply what he is doing and 
why, and are niodels of how a paper should be presented. The difficulties 
which he faced in gaining acceptance for his methods can be gauged from his 
written replies to questions on his paper 1V entitled "Complex experiments." 

D. S. NEWTON 
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PRINCIPLES OF POLYMER SYSTEMS BY F. RODRIGUEZ. New York: McGraw 
Hill Book Company. 1970. pp. xi . 560. Price: £7.90 

This book purports to be an introductory text, but for whom such an introduc- 
tion is appropriate is not explained in the preface and is difficult to envisage 
from the substance. It covers a great deal of ground ranging from basic structures 
of polymers, polymer formation. physical states and transitions, to detailed 
considerations of viscous flow. mechanical properties, production and fabrica- 
tion processes, and analysis. Much of this is done extrelnely well, but a generally 
laconic and sometimes disjointed style does not make for easy reading. The 
presentation of fundamentals in the early chapters is often niisleading for the 
beginner, whilst the treatment of more advanced topics demands an expertise 
unlikely to be possessed by many students and not always provided by a reading 
of the earlier chapters. Finally, whilst many may feel that this is yet another 
general text book about polymers which relies too heavily 011 other secondary 
sources for its content, others will like it because it provides their chosen cross- 
section of information-rather as a paint formulator chooses a particular alkyd 
from the many available because it suits his individual witchcraft. 

The brief opening chapter presents some interesting statistics of polymer 
production and sales. Among these is the observation that the average sales 
value of plastics in dollars per pound fell steadily throughout the nineteen 
fifties and sixties despite a monotonic rise in the consumer price index. Equall~ 
interesting is the fact that the selling prices of a wide variety of plastics in 1967 
decreased linearly with the logarithm of the tonnage produced. almost regardless 
of the nature, chemistry and complexity of the material. Thus, polyethylene, 
phenolics, cellulosics. polyacetals and polycarbonate. plotted in this way, rall 
on the same straight line! 

It is not considered appropriate to review the contents in detail. for most 
of what one expects of a general text book is there, and there are few actual 
mistakes. The present reviewer found the two chapters on mechanical properties 
at small deformations and on ultimate properties very good indeed and by far 
the best in the book. That on fabrication processes is much more comprehensive 
than is generally found in a work of this kind, despite the rather short section 
devoted to coatings which relies heavily on the works of Parker and of Nylen 
and Sunderland. A feature of the work is the presentation of imaginative and 
searching problems at the end of each chapter, but it is necessary to warn those 
who would attempt their solution. that not all can be solved by reference to 
this book alone. 

A. R. t I .  TAWN 



Courses available 1971-72 
Since publication of the Septen~ber issue. information has been received from 
a further college, and details are given below. 

Slough College of Technology 
Department of Science. Wellington Street, Slough SLI IYG. 

The City & Guilds Paint Technicians Certificate Parts I and 11. 
Enrolment took place in September; students joining the course after the 

enrolment date are subject to an additional fee of 50 pence. 
Those requiring further information shoi~ld contact the course organiser, 

Mr H.  Bray. at the above address. 



Information Received 
( I n  ruse of difficulty regorditig addrcssrr, members and suh.rcrillcrs to rlicp JOURNAL ~houlr l  apply for derails to 

Dirrcfor & Secretary of the Association at the arldress show11 011 tltc front cover.) 

"A study in precision" is the title of a booklet recently published by Winstones 
Limited. l 'he booklet, which runs to 20 pages, most in full colour, describes 
the processes which are involved in  the manufacture of Winstones printing rollers. 

The range of H~ntevlrh instrunients for appearance measurement is now to be 
marketed in the UK. Hunter Associates Laboratory, Inc., the American manufacturer 
of the instruments, has set up a sales outlet in Hertford, from which the complete 
Huntrvlrrh range is available. 

Hu~rtc~rluh has recently introduced three new instruments, the D25D Il)i~itrrl Colorrr 
Diffc9vcvce Mc.tc~r, the Dl6 Glossnlefer, and the 0 4 8 0  G1os.snrcter~. The D25D i? the 
latest in the 0 2 5  series, and features autolnatic digital display of colour values, includ- 
ing polarity. Both the Hunter L, a, b, and CIE x, y, 7, values, together with their 1 
values, can be selected by pushbutton. Four optical heads are available for the instru- 
ment, including the "M" head for circumferential viewing ol' textured finishes, as 
used on the earlier D25 instrument, which is still available. The D4XD G'Io.salrrtc~~. 
features solid-state circuitry and digital read-out. Three plug-in optical modules arc 
supplied, meeting ASTM D523 for 85', 60' anct 25" measurements respectively. All 
three modules can be connected to the master unit siniultanco~~sly and any one s~lected 
by pushbutton. The Dl6 G'lossnrr~ter. also contains solid-state electronics with digital 
display. Models are supplied for various viewing angles, meeting the appropriate 
ASTM or TAPPI specification. 

A new, inexpensive, field telephone approved by H M  Factory lnspectorate for use 
in areas which present fire hazards lias been developed by F. W .  Reynolds Limited. 
The telephone, Srrfon Mk. 2 Tvpe GA 0052, meets the requirements of non-incendive 
sparking for apparatus used in Division 2 areas. Cotnpletely self contained, the 
instrument houses its own battery, solid-state calling oscillator and transfonner. 
Although light in weight, it is claimed to be very robust. Mercury cells are used, and 
in the event of a current in excess of 50niA being produced, the battery 
voltage collapses, making the production of dangerous sparking inipossible. 

PIRA, the research association for the paper and board, printing and packaging 
industries, is to hold open days on 10 and I I November to mark the opening of the 
new 20,000 sq ft extension housing the paper and board division. Representatives of 
non-member firnis will be particularly welcome, and should contact the secretary of 
PIRA to give notice of their visit. Details of courses to be held at PIRA for the ~ession 
1971-72 have also been released, and may be obtained from PIRA. 

The latest in the series of PIRA visual aids, No. 20 "What is a halftone" is designed 
to give a general appreciation of reproduction methods to those familiar with print 
as an end product, as well as to students and apprentices cntering the printing industry. 
The visual aid comprises 25 colour slides (35nin1) and lecturer's notes, and is available 
at £7.00 to PI RA members. or f 14.00 for non-members. 

A multi-client, techno-economic study on radiation curing lias recently been 
completed by Skeist Laboratories, Inc., of New Jersey, USA. The study concentrates 
on electron beam and ultraviolet curing systems for surface coatings in the USA, 
and detailed profit opportunities are shown for companies involved in all aspects, 
from raw materials suppliers to end users. Fill1 details are available from Skeiqt. 
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A new high jet black carbon dispcrsion for colouring latex-particularly carpet 
backing-and paper and board has been introduced by International Colloids Limited. 
The new dispersion. Micr.o.spc~r:so 26, is a 38 per cent aqueous solution of a high jet 
furnace black. and contains a new blcnd of wetting agents to ensure dispersion stability 
and aid in obtaining an even shadc for the coloured article. 

Lennig Chemicals Limited is to manufacture the range of Pcrrnloicl thermoplastic 
acrylic resins in the U K ,  i t  has recently becn announced. Previously imported from 
Lennig's American parent. Rohm and Haas, all the Prrrcrloi~1.s will be manufactured at 
Lennig's Jarrow factory. Four products in the range-Pcrrrrloicls B44, B66, B72 and 
882 are already in production at .Inrrow, and the others will follow by the end of the 
year. 

FIc.srrplrm~e GL XC 8000 is an improved version of the Fishburn Printing Ink Co. 
Ltd. catalysed lacquer incorporating "gluability." Designed to meet a market denland 
for a lacquer that will take adhesivcs, the new FIe.~-irplmnc~ is also claimed to have 
higher heat resistance and bcttcr gloss than thc previous formulation. 

The Building Research Station has published a new reference book "The analysis 
of concretes" by J. W. Figg and S. R. Bowden. Intended mainly for laboratory analysis 
of hardened concrete rathcr than on-sitc work, the book is available from HMSO at 
£6.00 per copy. 

I t  has recently been announced that thc independent consulting practice in paints 
and related subjects established by M r  H. R. Touchin is to operate under the title 
Touchin Technical Laboratories. This title has been adopted to accord better with the 
wide range of services ofkred and laboratory facilities available. There is to be no 
change in the general policy and operation of thc practice, and the associated practice 
of Corrosion Engineering Consultancy will continue under its present name. 

A new type of dry feeder for thc accurate handling of relatively small quantities of 
powdered or granular materials had bcen introduced by Paterson Candy International 
Limited. The A W type dry feeder consists of a feed hopper discharging on to an 
electrically operated vibrating trough. The niaterial from the vibrating trough is fed 
at a controlled rate into a pan supported on a pneunlatically operated load cell, 
which is set to tip its contents into a discharge chute when the desired weight is reached. 
Manual or automatic weight setting is possible. 

The feeder can operatc at a maximum speed of three tips per minute, the maximum 
discharge being 300g pcr minute: weighing accuracy is claimed to be within I per cent 
of the l0Og nx~xiniuni load. 

General & Industrial Paints Limited has introduced a new bare metal stopper to the 
Glirsso range of refinishing materials. The new material, Gl~r.sso CBS2, is based on 
pigmented cellulose and, it is claimed. couples easy, smooth, spreading with fast 
drying characteristics, to give good flatting and feather edging results. 

Work has commenced on a ncw styrene-butadiene latex plant at Bilbao, Spain, 
announce Dow Unquinesa SA. Scheduled to come on stream in late 1972, the new 
plant will, it is said, havc ample capacity to satisfy latex demand in Spain for several 
years. 



Section Proceedings 

Irish 
The efficient use of titanium dioxide pigments in organic compounds 
The first Meeting of the 1971-72 session was held at the Clarence Hotel on Friday 
17 September at 8.00 p.m. The Chairman of the Irish Section, Mr D. Sharp, introduced 
the Speaker for the evening, Mr J. G. Hoogerbeets of N V  Titaandioxydefabriek Tiofine, 
Holland, who gave a lecture entitled "The efficient use of titanium dioxide pigments 
in organic compounds." 

There were 19 members and 7 visitors present and a lively question and answer 
session tock place after the talk. 

A vote of thanks was proposed by Mr D. Power on behalf of those present. 
A.R. 



Notes and News 

Widespread support 
The Exhibition Committee is pleased to 
announce that applications received at 
the time of going to press show that 
support for next year's Exhibition is 
widespread, and they are encouraged by 
the number of companies showing for 
the first time at an OCCA Exhibition. 
Applications have been received direct 
from companies in the following countries 
-Belgium, Canada, Denmark, Finland, 
France, Germany, Holland, Italy, 
Sweden, Switzerland and the USA. 

Many inquiries have been received at 
the Association's offices about dates for 

Technical 
Exhibition 
17-21 April 1972 

future Exhibitions. The Exhibition Com- 
niittee wishes i t  to be widely known that 
i t  has now completed arrangements with 
Olympia for the holding of the Exhibition 
for the next three years, the dates being 
April 1972, May 1973 and April 1974. 

Further details will be published in the 
Jo~intcrl and all members of the Associa- 
tion will be sent copies of the OJficial 
G~iic/c> for the 1972 Exhibition several 
weeks in advance. Non-members wishing 
to receive copies of the Oficiul Guide, 
which will be available without charge, 
should make application to the Associa- 
t ion's offices as soon as possible. 

The optional Professional Grade 
for Ordinary Members 
As announced in the September issue of 
the Jowlrrrl, Council has recently 
introduced an optional Professional 
Grade for Ordinary Members of the 
Association. Full details of the regulations 
were given on pages 9 16-92 1 and i t  is not 
proposed, therefore, to set these out 
again, but it is felt that members will be 
interested to know that, at the time of 

going to press, 100applications in all had 
been received. Amongst these were 
applications for the Licentiate grade 
where candidates have to obtain prior 
approval of a topic for dissertations to 
be presented to the Committee. Council 
feels, therefore, well justified in its 
endeavours to afford members of the 
Association the opportunity of educa- 
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tional identity with the surface coating 
industries and urges all senior members 
of the Association, not only to apply 
for admission to the Professional Grade, 
but also to encourage younger personnel 
to take advantage of this facility. I t  is 
hoped that the first list of Ordinary 
Members admitted to the Professional 
Grade will be published in the January 
issue of the Jourrml. 

It is felt that Members may like to be 
reminded that, although the scheme 
eventually calls for sponsors in each 
category, since the Association has now 
been in existence for over fifty years it 
was felt by Council that present Ordinary 
members, or Students, of the Association 
should be allowed the opportunity to 
apply for admission to the Professional 
Grade without sponsors for a period 
of one year, i.e. until October 1972. 

Reprints of the regulations are 
available, together with additional copies 
of the application forms, from the 
Association's offices. 

London Section 
Ladies' Night 
The London Section Ladies' Night is to 
be held on Friday 19 November at the 
Strand Palace Hotel, London WC2. 

News of Members 
Mr J. M. Shirt, an Ordinary Member 
attached to the Hull Section, has recently 
been appointed technical nianager of 
International Colloids Limited. Mr Shirt 
will be working mainly on product 
development. 

Mr H. T. Chellingsworth, an Ordinary 
Member attached to the Midlands 
Section, has been appointed to the board 
of Ault and Wiborg Industrial Finishes 
Limited. Previously executive director 
responsible for technical services, Mr 
Chellingsworth now specialises in the 
technology of powder coatings. 

Although for the Licentiate and 
Associate grades candidates can count 
periods as Students of the Association 
for the qualifying periods necessary in 
each case, they have to transfer to 
Ordinary Membership before applying 
for admission to the particular grade. 
Younger members are particularly urged, 
therefore, not to defer becoming Students 
of the Association since in any case it 
takes a certain time to com~lete  the 
necessary fornialities to enrol as a 
Student or Ordinary Menlber of the 
Association. Non-members are therefore 
reminded that, under the Articles of the 
Association, those joining in the last 
two months of the year count their 
subscription for the whole of the succeed- 
ing calendar year and anyone elected in 
November or December will receive 
copies of the Jolrrncrl for those months. 

Membership application forms are 
also available from the Association's 
ollices. 

This is the tirst time that this venue has 
been used, and numbers are unfortunately 
strictly limited. It is essential, therefore, 
that any Members requiring tickets 
apply immediately. 

Chemical Society and Royal Institute of 
Chemistry Inaugural Annual Meeting 
The Inaugural Annual Meeting of the 
new Chemical Society and Royal Institute 
of Chemistry is to be held in Manchester 
from 10-14 April 1972. The meeting 
will be based on the University of 
Manchester Institute of Science and 
Technology, but facilities at the Univer- 
sities of Manchester and Salford will 
also be used. Ten symposia will take 
place during the meeting; full details are 
available fro111 the Chemical Society. 

Society of ISngineering Science 
The Society of Engineering Science has 
announced that it is to organise its first 



international meeting in Tcl-Aviv, Isracl, the first United Nations conference on 
from 12-17 June 1972. Thc subject or "The human environment." Full details 
the meeting is "Pollutio~l: engineering may be obtained from the Department 
and scientific solutions," and it has been of Engineering Sciences, Tel Aviv Univer- 
timed so as to be i~ilnlediately following sity, Israel. 

Register of Members 
The following elections to ~iicmbersliip have been approved by Council. The section 
to which new Members are attached is givcn in italics. 

Ordinary Members 
BLANCHARD, DESMOND, BSC, 2 Benn Street, Rugby, Warwickshire. (London) 
BOONCHUA, BANCHIT. BSc, ICI (Thailand) Ltd., KM.5, Chaengwatana Road, 

Nonthaburi, Thailand. (Overseas) 
RAFFERTY, FRANCIS JOSEPH, BSc, Anchor Chemical Co. Ltd., Clayton Lane, 

Manchcster, M11 4SR. (Mmchester) 
SAVILL, CHRISTOPHI R ARTHUR, BSC, 15 Woodfield Road, Braintree, Essex. 

(London) 
SAW, TIONG GOO, RSC, TCI Paints (M) SDN. BHD., PO Box 78, Petaling 

.laya, Selangor, Malaysia. ( 0 verseas) 
SHAIKH,  SAMI AHMAD, B.Comm., c.o M/s. Ismailsons Paints Ltd., F/59, SITE Mauripur 

Road, Karachi-28, Pakistan. (Overseas) 
SKITT, G E O R G ~  EDWARD, 50 Anncslcy Crcsccnt, Goose Green, Wigan, Lancs. 

(Manchester) 
WHITEHEAD, GRAHAM HAKKY, BSc, 7 Stock Orchard Crescent, London N7. 

(London) 
A~sociate Members 
NICOL, ALIXANDRA DAVID, Rcs. and Development, Dulux, Alrode, PO Box 3704, 

Alrodc, Transvaal, South Africa. (South African) 
SHARP, DAVID JOHN ARCHER, 6 Kingswcston Court, Pretoria Street, Hillbrow, Johan- 

nesburg, South Africa. (South African) 

Forthcoming Events 
Dctrrils (ire given of ~ric~ctirr~rs iir tlrc Urritcrl Kiirg~lotn rip to the end of the month 
followir~~ puhlicrrtiorr, rrrrcl irr Sorrth Afi.ic.a mlrl the Commorrwecllth up to the ertd of the 
secollcl 171o11tIr. 

Monday 1 November issue page 1000. 
HrrN Section-"Some aspects of drying 
oil technology" by Mr G. Hutchinson Tuesday 2 November 
of A. Fleming & Ltd., to Thames Volley Section-Sturierrt Group. 
held at the Queen's Hotel at 7.00 p.111. "Acrylic resins" by Mr A. R. H. Tawn 
Londot1 SectionlE~rst Hrrrlr Teclr~ricnl of Cray Valley Products Ltd., to be 
Collegc corrrse: "Developnienls in held in the Main Lecture Theatre, 
resins for surface coatings" see October Slough College, at 4.00 p.m. 
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Thursday 4 November Friday 12 November 
Newcastle Section. "Hazard analysis- Muttchestc~r Sectiorr. "The management 
a quantitative approach to safety" of human resources" by Mr J. Munro- 
by Mr T. A. Kletz of ICI Ltd., HOC Fraser of the University of Aston-in- 
Division, to be held at the Royal Turks Birmingham, to be held at the Man- 
Head Hotel, Grey Street, Newcastle chester Literary and Philosophical 
upon Tyne, at 6.30 p.m. Society, 36 George Str-ect, Manchester, 

at 6.30 p.m. 

Monday 8 November 
Londotz Section/East Hunt Teclitrical 
College couvse: "Developments in 
surface coatings" see October issue 
page 1000. 

Tuesday 9 November 
West Riding Section. Speaker to be 
arranged. To be held at the Griffin 
Hotel, Boar Lane, Leeds, at 7.30 p.m. 

Wednesday 10 November 
London Section. "Changes in the 
physical characteristics of paint films 
in differing weathering environments" 
by Mr R. L. J. Morris of the Quality 
Assurance Directorate (Materials), to 
be held at East Ham Technical College, 
at  7.00 p.m. 

Newcastle Section-Studerrt Group. 
"Paint formulation" by Mr H. Caddell 
of International Paints Co. Ltd., to be 
held at the Newcastle Polytechnic, 
Ellison Place, Newcastle upon Tyne, 
at 3.00 p.m. 

Thursday 11 November 
Scottish Section. Joint Meeting with 
British Paper and Board Makers' 
Association. "Amino resins-their use 
in surface coatings and paper indus- 
tries" by Mr R. McD. Barrett of BIP 
Chemicals Ltd., to be held at the 
St. Enoch Hotel, St. Enoch Square, 
Glasgow, at 6.45 p.m. 

Midlands Sectiort-Trent Valley 
Branch. "Chromate and phosphate 
pigments in anti-corrosive primers" by 
Mr H. F. Clay and Mr J. H. Cox of 
SCC Colours Ltd., to be held at the 
British Rail School of Transport, 
London Road, Derby, at 7.00 p.m. 

Saturday 13 November 
Scottish Section-Student Grorrp. 
"Exploration of the North Sea for 
fuel" by Mr Junor of BP Chemicals 
International Ltd., to be held at the 
St. Enoch Hotel, St. Enoch Square, 
Glasgow, at 10.00 a.m. 

Monday 15 November 
Lnnclon SectionlEcist Htrtlr Tc~clitticcrl 
College course: "Developments in 
resins for surface coatings" see October 
issue page 1000. 

Tuesday 16 November 
Lonclon Sc>ctiotl-Soutlrrrn Brcrrtch. 
"Masonry finishes" by a speaker from 
the Cement Marketing Board, to be 
held at the Pendragon Hotel, Southsea, 
at 7.00 p.m. 

Wednesday 17 November 
Scottisl~ Section-Eostevtr Brarich. 
"Pollution." Joint  meeting with 
BPBMA in Aberdeen. Further details 
will be supplied later. 

Friday 19 November 
Iri.~li Section. "Powder coatings" by Mr 
Lonsdale of BJN Paints Ltd., to be 
held at the Clarence Hotel, Wellington 
Quay, Dublin, at 8.00 p.m. 

Lotwiort Section: Ladies Night, to be 
held at the Strand Palace Hotel, 
London WC2, at 7.00 for 7.30 p.m. 

Midlcirrds Section. "Oil-free alkyds" by 
Mr A. G. North of Cray Valley 
Products Ltd., to be held at the Bir- 
mingham Chamber of Commerce and 
Industry, 75 Harborne Road, Bir- 
mingham, at 6.30 p.m. 
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Monday 22 November to be held in the Main Lecture Theatre, 
Lo~rrlon Sectiort/E~r.st I f  twl Teclrrr icrrl Slough College at 4.0° 
College. corrr.~~: "Developments in 
resins for surface coatings" see October Wednesday 8 D ~ e m b e r  
issue page 1000. Lo~iclort Section: "What's bugging your 

paint" by Catherine E. Skinner, 
Thursday 25 November Microbiological Unit, Paint Research 

Tf1nmp.y Vn//cy ~ e r t i ~ ~ l .  "The phil- Ass., to be held at the South Bank 
osophy of paint testing" by Mr T. R. Polytechnic at 7.00 P.m. 
Bullet t of The Paint Raearch Asso- N~~wcostle Sectiorr-Strirlerrt Gror~p: 
ciation, to be held at the Beech Tree "instrumental colour measurement" 
Hotel, Maxwell Road, Beaconsfield. by Mr J. Bravey of British Paints and 
Bucks, at 7.00 p.m. Chemicals, to be held at the Newcastle 

Polytechnic, Ellison Place, Newcastle 
Friday 26 November upon Tyne at 3.00 p.m. 

Bristol Sectiott. "Quality control." Mtrrrclraster Sertiorr : " Continuous 
Discussion evening. Panel: Mr W. S. production lines for paint manu- 
Grainger of Berger Paints, Mr D. S. facture," (provisional title), to be held 
Newton of British Steel Corporation, at the Royal Institution, Colquitt 
and Mr J. R. Taylor of BP Chemicals Street, Liverpool at 6-30 p.m. 
International Ltd. To be held at the 
Royal Hotel, Bristol, at 7.15 p.m. Thursday 9 December 
West Riding Scctiotr. Annual Dinner scottislr ~ ~ ~ ~ i ~ ~ ~ :  u ~ ~ d ~ ~ ~  trends i n  
Dance, to be held at the Crown Hotel, building and building finishes, includ- 
Harrogate. ing paints" by Mr D. K. Barron of the 

Building Research Station, to be held 
Monday 29 November at the St. Enoch Hotel, Glasgow at 

Lorrdoiz Sectiorr/ Eost Hrrrlr Tcclrrricrrl 6.00 p.m. 
College corrrsC': 'bDevelo~nlents i n  Mif//rrrlf/ S c c t i o t l - T ~ r  V n / l ~ y  Brarlclt: 
resins for surface coatings" see October .,A layman.s view of by M~ 
issue page 1000. J. R. Bourne of Mebon Limited, to be 

held at the British Rail School of Thursday 2 December Transport, London Road, Derby at 
Newcnstle Scctio~t: "Flame retardant 7-00 p.m. 
coatings-the whys and wherefores" Wcst Ridi~rg Soctio~r: Joint meeting by Mr A. G. Walker of Associated with Society of Dyers and 
Lead Manufacturers Ltd., to be held Colourists, funny thing happened 
at the Royal Turks Head Hotel, Grey to me on the way to the Patent Office9- Street, Newcastle upon Tyne at 6.30 by M r  A. T. Ransom, to be held at p.m. the Griffin Hotel, Boar Lane, Leeds 

Monday 6 December at 7.30 p.m. 

Hull Section: "Emulsion polymers for 
exterior paints-a con~parative study" Friday 10 December 
by Mr K. A. Safe of Vinyl Products Irish Scctiort: Ladies Night: "Re- 
Ltd., to be held at Queen's Hotel, miniscences" by Dr F- S t o ~ l e  of 
Hull at 7.00 p.m. Protem (Ireland) Ltd., to be held at 

the Clarence Hotel. Wellington Quay, 
Tuesday 7 December Dublin at 8.00 p.m. 

Tlio~nes Vallej~-Strrrlertr Gro~rp: Open 
invitation lecture to senior members Saturday 11 December 
"Microbiology and corrosion" by Scottish Scctiott-St~rtlctrt Grorrp: Joint 
Dr E. Pankhurst of the Gas Council, meeting. "Organic pigments for use in 
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printing inks," by Mr D. White of 
Farbwerke Hoechst AG, to be held 
at the St. Enoch Hotel, Glasgow, at 
10.00 a.m. 

Monday 13 December 
Lotzcion Section: Joint meeting with 
Colloid and Surface Chemistry Group 
of the SCI, "Colloidal aspects of colour 
printing" by Dr W. Carr, of Ciba- 
Geigy (UK) Ltd., to be held at 14 

Belgrave Square, London SW I, at 
6.00 p.m. 

Wednesday 15 December 
Scottisl~ Section-Ec1ster.n Brrrnch: 
"Inter-personnel relationships" by Mr 
R. M. McKenzie, of the Department 
of Business Studies, Edinburgh Univcr- 
sity, to be held at the Carlton Hotel, 
North Bridge, Edinburgh at 7.30 p.m. 



TheUhilesrer~Emery 
dimer acid story 

'I'hc c x t r i ~  Icngtll of Ilnilcvc~1~-1S111~1~y (li~llrr it(:i(l 
nlolcculcs is tllc 11ral.t ol tl~cl story. 

11 hto1.y of a (':tfi csse~~tirtlly alil)l~:ttic~. dira~.l)oxylic 
acid. tl~iit ilnparls greater l'lcxil)ility (all(! tougllncss) 
to youla 11l'Odu~'ls. 

I'ro(111cth likc polyii~~~i(l(! rcsiils, sui.f:tcc coittil~g 
resins. ~~olyui.ctll;tncs and lut)r*ical~th. 

'I'hc (1-14 dilnclr. i~ritl story gets l o ~ l g r ~ .  i l ~ l t l  longc>r ... 
a I,:lngt ol' tlinlc3r* a(-itls c.onst;t~~lly c>xo;ttttling t o  rrlcct 
s p ~ c i f i ( ~  I I O ( Y I ~  fro111 OII I*  C Y I S ~ O I I I ~ * I * S  .... likc ~ O I I .  

Hut ul~lilic rllost storics, tllr (1-1' dirllrr &lory is truc. 

~~NlI~EV~;lt-lCMl~~ltY N.V.  - l'.O. l<OX 2 - (;OtIl)A - l101J2,\Nl~ 
Sales office for Unitcd Kinplorn/Jrcli~nd: U-I? Cliemicals (U.K.) Ltcl. - Hillgate House, Old Bailey - London E.C.4. 

Sales officc for W.-ticmi;inyl~\rIstri;LISwi~~~'Iiin~I: 11-I.: ('l~clnirals ( ; r n l ~ l l  - 4 1)Jsscltlorf - Ilnn~crtnannstrassc 13. 
Salcs agents in :ill princip;rl counlrics of tl~c wol Id. 



introduction 

paint 
technology 

second edition 
with additional chapter 

The sales of this Association publication now exceed 13,000, and because of continuing 
high sales of the second edition, and the need for a work of reference to be constantly abreast of 
the latest developments in its field, the Council of the Oil and Colour Chemists' Association 
has authorised the addition of an eleventh chapter to the "lntroduction to Paint Technology." 
Entitled "Recent Developments," the Chapter incorporates up-to-date information on the latest 
advances in the technology of the paint and allied industries. 

This addition will help the "lntroduction to Paint Technology" to maintain its position as an 
invaluable aid to young entrants into the industries and to marketing and other personnel requiring 
a basic knowledge of the principles and techniques of surface coating production and application. 

new chapter 
The new chapter is subdivided into three sections- 

resins and media 

Including polyester, epoxy, polyurethane iesins and developments in water based paints, 
vinylics, etc. 

application techniques 

Including electrodeposition, powder coatings, strip-coating, aerosol spraying. 

instrumental testing and control methods 

Including colour measurement, viscometers, brushability, hardness, film thickness, weathero- 
meters, and use of computers. 

The book contains 204 pages including 11 line diagrams, 8 photographs of common paint 
defects, and comprehensive index. Copies can be obtained from the Oil and Colour Chemists' 
Association, Wax Chandlers' Hall, Gresham Street, London E.C.2, price £1 (post free). 
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Prevent it. With Nopco 
When you use Nopco's quick-acting defoaming 
agents, you'regett ingdown t o  the roots of your 
problem. You're eliminating foam before it 
becomes a nuisance. 
Nopco defoamers are wide in  their  applications. 
From the range you can choose one that's ideal 
for any process and any stage of production. 
We'd like t o  tel l  you about just a few: 
FOAMASTER * N e w  stable, uniform anti- 
foaming agent. In  paints, recommended for use 
in  standard latex systems as wel l  as newer 
coating systems based on  PVA/Acrylic, ethylene 
vinyl acetate, and water soluble alkyds. Also 
used in  manufacturing and compounding 
synthetic latex systems. 
FOAMASTER * B loo'%, active defoamer, 
showing greater dispersibility than Foamaster. 
Effectively defoams emulsions and suspension 
polymerizations and is specifically applicable t o  
stripping PVC as wel l  as latex polymers i n  
addition t o  controll ing foam during compound- 
ing. 
FOAMASTER * N S  Liquid non-silicone de- 
foamer for latex systems, suitable for latex 

o f  foam during-manufacture and compounding 
of synthetic latex systems. 
FOAMASTER * S A more rapidly dispersible 
version o f  Foamaster R. Uses are broad in  scope 
w i th  semi-gloss systems a major application. 
Product can be added t o  storage tanks t o  
eliminate foam i n  subsequent handling opera- 
tions. Can also be used during production and 
compounding of synthetic latex. 
FOAMASTER * W A liquid defoamer for use 
w i t h  all the major latex paint systems, also used 
as a defoamer for acrylic and polyethylene floor 
polishes. 
FOAMASTER * T Excellent defoamer for  t i n t  
base paints wi thout  giving colour loss, should be 
added t o  the gr ind stage before colour addition. 

You'd like to meet Nopco's other defoamers? 
Or find the one that best answers your particular 
problem? We'll be glad to send detailed literature. 
And remember- the Advisory section of the 
Nopco Foam Removal Service is always at your 
disposal. 

paints, including butadiene-styrene, acrylic and I PVA types. Also suitable for latex adhesives. ~ f l ~ - l ~ e - ~ * * ~ l ~ ~ ~ m j  1 
FOAMASTER * P Unique product for  defoam- 
ing during polyvinyl alcohol production, added 
after the synthesis step. Available also in  
concentrate form for  high temperature 
defoaming. 
FOAMASTER * R Excellent defoamer for  

Department No. BBO 
147 Kirkstal l  Road, Leeds 
LS3 1 JN. 
Telephone: Leeds 38837 
Cables: NOPCO LEEDS 

. A 

Y.,L.. . .~.l , , .Y,. .- l I , I .U .. 
semi-gloss systems wi thout  colour sacrifice. 
long lasting foam control. Suitable for contt-ol 
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New Force on the Marketing Front 
Decorative flame-retardant paints are gaining territory fast. 

This is well known to marketing departments of forward looking paint 
manufacturers. They realise the size of the potential market. 

Their sales figures prove it. Associated Lead want to tell you the 
advantages this paint has for you, and why decorative flame-retardant 

paints are a marketing "must" for the 1970's. Call us. 

ASSOCIATED LEAD MANUFACTURERS LIMITED 
Clements House, 14 Gresham St., London E.C.2.01-606 4400 
Crescent House, Newcastle-upon-Tyne, NE 99 1 GE. 063236211 

Lead Works Lane, Chester CHI 36s 0244 21022 
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Take it easy 

way.. 
any mixture.. 

any quantity.. 
anytime.. 

anywhere 
VEGETABLE D R Y I N G  OILS 
W e  polymerise-Blow-Boll-Ac~d and Alkali Refined 
technical vegetable 011s. 

SOLVENTS 
W e  offer a growing range o f  solvents and can supply 
these ex-stock from London. Liverpool o r  Glasgow. 
Whl te  Spirit-Distillate-Odourless Kerosene-Xylene- 
'BAS' range of special napthas-Toluene-high boiling 
aromatic solvents and an increasing range o f  other 
chem~cal solvents. 

DELIVERY 
Whether your requirements are for a delivery o f  
5 gallons o r  for delivery of 5,000 gallons you may rest 
assured we wi l l  do our best;to deal w i th  them promptly, 
courteously and competitively 

T E C H N I C A L  SERVICE 
If you find that i n  our  technical data booklet there is 
nothing t o  meet your exact requirements we wi l l  be 
only too pleased t o  t r y  and produce a suitable product. 

-Samuel Banner 
59/61 S A N D H I L L S  L A N E ,  L I V E R P O O L  L5 9 X L  
T e l  : 05 1-922 787 1 
N E W T O N  R O A D .  STRATFORD,  LONDON E l 5  
Te l :  01-534 4321 
289 C A S T L E  STREET. G L A S G O W  C 4  
Te l :  041-552 0723 

Oil & Colour Chemists' 
Association 

PAINT 
TECHNOLOGY 
MANUALS 
The second editions of 

1 Non-convertible Coatings 

2 Solvents, Oils, Resins 
and Driers 

are now available 

Chapters on the latest 
developments in their field have 
been added to each volume 

The price of the 2nd edition is £1.80 per 
volume. 

Still available in  1st edition is: 

6 Pigments, Dyestuffs and 
Lakes 

The price of the volume is £1.75 

The following parts : 
3 Convertible Coatings 

4 The Application of Surface 
Coatings 

5 The Testing of Paints 
are now in the course of reprinting. 

CHAPMAN & HALL LTD. 
11 New Fetter Lane, 
London, E.C.4 
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C L A S S I F I E D  A D V E R T I S E M E N T S  

Classified Advertisements are charged at the rate of 5Op per line. Advertisements for 
Situations Wanted are charged a t  12tp per line. A box num,ber is charged at 5p. 
They should be sent to the Director & Secretary, Oil & Colour Chemists' Association, 

Wax Chandlers' Hall, Greslham Street, Lo8nd~on, E.C.2. Telephone: 01-606 1439. 

SITUATIONS VACANT 

FLEX0 GRAVURE-OVERSEAS 

INMONT Corporation, which is the largest world-wide group manufact~~ring printing 
inks, requires INK CHEMISTS, aged 25-45, with City and Guilds or science degree 
qualifications. They will be responsible for Flexo Gravure Development in the 
INMONT Technical Centres in the United States and Australia. The successful 
applicants will have wide experience in all aspects of liquid inks and the ability to 
organise a team. The position will hold senior nianagenient status. Salary will be 
negotiable and depend upon experience. Removal expenses will be considered. All 
applications will bc treated with strict confidence. 

Apply in the first irnfancc> lo: 

The Technical Director, 
FISHBURN PRINTING INK COMPANY LIMITED, 
94 St. Albans Road, 
Watford, WD2 4BU. Hertfordshire. 

A FOREIGN COMPANY wants a Consultant 
to advise on the manufacture of ultramarine 
blue, cobalt blue and chron~iun~ oxide green 
~iaments. Please write in confidence to: INTRODUCTION TO . - 

Box No. 342 

SlTUATIONS WANTED 
"A situation in Continental Europe is sought 

by Paint Development Chemist, a succcssf~~l 
formulator of industrial coatings, adhesives and 
decorative paints. Also experienced in Technical 
Service to resins and coatings users, paint 

paint 
TECHNOLOGY 

application methods and Sales. Speaks French 
and English, some knowledge of German. No 
objections to frequent travels." Box No. 343. 

Price 20s. 
"Technical Manager, A. R.l .C., F.1.M .F. 

redundant due to closing of unit requires respon- 
sible position. Over 30 years' experience. 
Industrial and Transport Finishes, including OIL COLOUR CHEMISTS' ASSOClATlON 
administration and Works management." 
Box No. 344. 



Now -- to aid your Research and Development 
The fast. economical weather tests of 

SUB-TROPICAL TESTING SERVICE, INC. 
established 1929 

Sub-Tropical Testing Service is known and utilised world wide 

We have weathered 
42 years ! you now the data you 

cuss free o f  charge 
your testlng needs 

Vert~col offset feature shown In foreground 

Sub-Tropical Testing gives fastest Natural Weather tests available for * paints 
*chemical coatings * plastics * textiles * fabrics * related products* 

(List of representative clients glven upon request) 

Wir waren die ersten, welche einen Priifdienst dieser Art fur Lacke, Kunststoffe, chemische 
Beschichtungen, Stoffe und Gewebe aller Art, Farbstoffe und verwandte Erzeugnisse in den 

U.S. moglich machten. 
Mr. C. Hubbard Davis, President, Sub-Tropical Testing Service, Inc. Phones: (305) 233-5341 - 235-31 11 
P.O. Box 876,8290 S. W. 120th Street, Miami, Florida, U.S.A. 33 156 Cable: SUBTROPIK, Miami 

print in practice 
Metchim's have been printers for over 100 years. 

Today, in the heart of Westminster, in the shadow 

of Big Ben, our modern automatic presses pro- 

duce vast quantities of high-class printed matter, 

day and night, in our 12,000 square feet factory. 

M E T C H I M  & S O N  L T D  
G E N E R A L  C O L O U R  A N D  P E R I O D I C A L  P R I N T E R S  

8 S T O R E Y ' S  G A T E ,  W E S T M I N S T E R ,  S . W . l  

T e l e p h o n e :  01-839 2125 ( 4  l i n e s )  

Printed in England b y  Metch im & Son Ltd.. 8 Storey's Gate. Westminster. London, S.W.1 
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